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ABSTRACT
Tr ee  v o l u me  d a t a  f o r  t r o p i c a l  h a r d w o o d  s p e c i e s  w e r e  
c o l l e c t e d  f r o m  a number  o f  l o c a l i t i e s  I n  t h e  N o r t h e r n  
T e r r i t o r y  by  f o r e s t r y  f i e l d  s t a f f  b e t w e e n  1967 and 1972.  The 
m a j o r  s p e c i e s  r e p r e s e n t e d  I n  t h e  d a t a  we re  E u c a 1y p t u s  m l n -  
I a t a . E . t e t r o d o n t a . E .  n e s o p h l l a . E .  b l e e s e r I  and he 1 a 1e u c a  
s p p .  ( b o t a n i c a l  n o m e n c l a t u r e  a f t e r  C h i p p e n d a l e ,  1 9 7 1 ) .
The b a s i c  d a t a  c o n s i s t e d  o f  q u a r t l l e  d i a m e t e r  
m e a s u re m e n ts  a l o n g  t h e  m e r c h a n t a b l e  b o l e  o f  e a c h  t r e e .  These  
d a t a  w e re  p r o c e s s e d  t o  o b t a i n  e s t i m a t e s  o f  g r o s s  m e r c h a n t a b l e  
v o lu m e  u n d e r  b a r k .
The d a t a  we re  g r o u p e d  by s p e c i e s  o f  m a j o r  o c c u r ­
r e n c e  w i t h i n  e a c h  f o r e s t  a r e a .  G r o s e n b a u g h  ' s  ( 1 9 6 7 ) *  11 n e a r  
r e g r e s s i o n  p r o g r a m  was used f o r  f i t t i n g  and  t e s t i n g  l i n e a r  
v o l u me  m o d e l s .  The model
V = bD + b, D2 H + b2 D3
w e i g h t e d  by  1 / ( D 2 H)2 t o  c o r r e c t  h e t e r o g e n e o u s  v a r i a n c e  -  
was f o u n d  t o  f i t  s a t i s f a c t o r i l y ,  and  was used  f o r  c o v a r i a n c e  
a n a l y s i s  t o  t e s t  f o r  d i f f e r e n c e s  b e t w e e n  l o c a l i t i e s  w i t h i n  
e a c h  s p e c i e s .  I t  was f o u n d  t h a t  I n  mos t  c a s e s  d a t a  f o r  t h e  
same s p e c i e s  f r o m  a d j a c e n t  f o r e s t  a r e a s  c o u l d  n o t  v a l i d l y  be 
c o m b i n e d .  A d d i t i o n a l  w o r k  I n d i c a t e d  t h a t  d i f f e r e n c e s  b e t w e e n  
f o r e s t  t y p e s  w i t h i n  s p e c i e s  may a l s o  be s i g n i f i c a n t .
The f i n a l  g r o u p i n g s  we re  used t o  d e v e l o p  f i n a l  
v o l u m e  m o d e l s .  B a r d ' s  ( 1 9 6 7 )  n o n - l i n e a r  r e g r e s s i o n  p r o g r a m
( x )
was used f o r  t e s t i n g  n o n - l i n e a r  m o d e ls .  A .model  o f  t h e  fo rm
V = bQ + D^2
was found t o  be s u p e r i o r  t o  s e v e r a l  l i n e a r  models and was 
f i t t e d  t o  a l l  o f  t h e  f i n a l  d a t a  g r o u p in g s .
PART I : BACKGROUND
CHAPTER 1 : INTRODUCTION
F o r e s t  I n v e n t o r y  p r o v i d e s  t h e  b a s i s  f o r  most f o r e s t  
management d e c i s i o n s .  A l t h o u g h  t e c h n i q u e s  a r e  w e l l  d e v e lo p e d  
f o r  t e m p e r a t e  f o r e s t  c o n d i t i o n s  -  and I n  p a r t i c u l a r  f o r  
p l a n t a t i o n  c o n i f e r s  -  r e l a t i v e l y  l i t t l e  work has been done on 
t h e  p rob lem s o f  e s t i m a t i n g  s t a n d  volumes I n  t r o p i c a l  f o r e s t s .  
W ith  p r o j e c t e d  i n c r e a s e s  I n  w o r l d  demand f o r  wood and wood 
p r o d u c t s  and th e  r a p i d  d e p l e t i o n  o f  t r a d i t i o n a l  s o u rc e s  I n  
t e m p e r a t e  c o u n t r i e s ,  t h e  r e l a t i v e l y  u n d e r d e v e lo p e d  f o r e s t s  o f  
t h e  t r o p i c s  a r e  f a s t  assuming a g r e a t e r  I m p o r t a n c e  th a n  e v e r  
b e f o r e  (FAO, 197**; K e ays ,  1 9 7 5 ) .  I t  I s  a g a i n s t  t h i s  b a c k ­
ground t h a t  some a s p e c t s  o f  s t a n d  volume e s t i m a t i o n  w i l l  be 
c o n s i d e r e d  i n  t h i s  s t u d y ,  w i t h  p a r t i c u l a r  r e f e r e n c e  t o  t h e  
a p p l i c a t i o n  o f  t r e e  volume t a b l e s  t o  th e  t r o p i c a l  f o r e s t s  o f  
th e  N o r t h e r n  T e r r i t o r y .
( I )  THE NEED FOR PRECISE AND UNBIASED ESTIMATES 
OF STAND VOLUME
I n  r e c e n t  y e a rs  t h e  t r a d i t i o n a l  o b j e c t i v e s  o f  
f o r e s t  I n v e n t o r y  have cha nged .  C a r r o n  ( 1 9 7 * 0  has r e v i e w e d  
t h e  way In  w h ic h  changes I n  management o b j e c t i v e s  have . l e d  t o  
th e  use o f  r e c e n t  d e v e lo p m e n ts  I n  b i o m e t r i c  t e c h n i q u e s ,  
com p u t in g  f a c i l i t i e s  and rem ote  s e n s in g  t o  o b t a i n  answers t o  
more w i d e - r a n g i n g  q u e s t i o n s  on g r o w t h ,  y i e l d  and s t a n d
2d y n a m ic s .  Workers  have t u r n e d  t o  th e  p ro b le m s  o f  m u l t i -  
r e s o u r c e  I n v e n t o r i e s  and lan d  use p l a n n i n g  ( e . g . ,  Madgwlck ,  
1967).
A g a i n s t  such a background  i t  i s  e a s y  t o  lose  s i g h t  
o f  th e  Im p o r ta n c e  o f  b a s i c  e s t i m a t e s  o f  t h e  volume o f  
u t i l  I s a b l e  wood in  a f o r e s t .  H o w ever ,  t h e  need f o r  such  
I n f o r m a t i o n  I s  g r e a t e r  t h a n  e v e r  b e f o r e  i f  f o r e s t  managers  
a r e  t o  make sound d e c i s i o n s  i n  t h e  fa c e  o f  a number o f  
a l t e r n a t i v e  lan d  use p o s s i b i l i t i e s .
Q u a n t i t a t i v e  i n f o r m a t i o n  on t h e  f o r e s t  r e s o u r c e s  o f  
t r o p i c a l  a r e a s  I s  p a r t i c u l a r 1y . 1 a c k i n g .  I t  i s  f rom t h e s e  
a r e a s  t h a t  most o f  t h e  w o r l d ' s  f u t u r e  needs must be s a t i s ­
f i e d .  I n  v ie w  o f  th e  c o s t s  I n v o l v e d  I n  s e t t i n g  up a modern 
pulpwood o p e r a t i o n ,  I t  I s  no t  u n r e a s o n a b le  f o r  p o t e n t i a l  
I n v e s t o r s  t o  e x p e c t  p r e c i s e  and u n b ia s e d  e s t i m a t e s  o f  wood 
v o lu m e s .
M ixed  hardwood f o r e s t s  I n  t h e  N o r t h e r n  T e r r i t o r y  
c o n s t i t u t e  a r e s o u r c e  w h ic h ,  w h i l e  n o t  n e c e s s a r i l y  p r o m in e n t  
by w o r ld  s t a n d a r d s  i n  te rm s  o f  volume p e r  u n i t  a r e a ,  may w e l l  
become more I m p o r t a n t  i n  t h e  f u t u r e  as f o r e s t s  I n  n e i g h b o u r ­
in g  c o u n t r i e s  I n  S o u th  E a s t  A s i a  a r e  d e p l e t e d .  In  a d d i t i o n ,  
t h e  I n e v i t a b l e  I n c r e a s e  i n  t h e  p o p u l a t i o n  o f  n o r t h e r n  A u s t ­
r a l i a  w i l l . l e a d  t o  co m p e t in g  la n d  p r e s s u r e s  and th e  need f o r  
a d e q u a t e  lan d  use p l a n n i n g .  F o r  t h i s  purpo se  as w e l l ,  
p r e c i s e  and un b ias ed  e s t i m a t e s  o f  s t a n d  volumes a r e  e s s e n ­
t i a l
3( I I )  METHODS OF STAND VOLUME ESTIMATION
B e f o r e  methods o f  s t a n d  volume e s t i m a t i o n  a r e  
d i s c u s s e d ,  I t  I s  e s s e n t i a l  t o  c l a r i f y  th e  t y p e  o f  volume t o  
be e s t i m a t e d .  The volume o f  I n t e r e s t  t o  a f o r e s t  manager may 
range  f rom  " t h e  e n t i r e  t r e e  f rom  th e  r o o t  h a i r s  t o  t h e  
l e a v e s "  (Young ,  I 9 6 0 )  t o  t h e  o t h e r  e x t r e m e  o f  o n l y  th e  b e s t  
and s t r a l g h t e s t  m e r c h a n t a b le  logs f rom  a r a r e  s p e c ie s  w i t h i n  
t h e  s t a n d .
In  n a t u r a l  s ta n d s  o f  hardw oods ,  t h e  volume o f  
I n t e r e s t  I s  u s u a l l y  the  b o l e  volume f ro m  stump t o  some 
l i m i t i n g  f a c t o r  a t  th e  sm a l l  end o f  t h e  b o l e  such as crown
b r e a k ,  a minimum s m a l l  end d i a m e t e r  or  some fo rm  o f  d e f e c t .
T h i s  I s  the  volume t o  be c o n s i d e r e d  I n  t h i s  s t u d y .
A volume e s t i m a t e  f o r  a s t a n d  can be o b t a i n e d  
e i t h e r  by a c o m p le te  e n u m e r a t io n  o f  a l l  I n d i v i d u a l  t r e e s  
( u s u a l l y  I m p r a c t i c a l ,  a l t h o u g h  r e p o r t e d  by B r u n lg  ( 1 9 6 3 )  f o r  
t r o p i c a l  peatswamp f o r e s t s  I n  S a r a w a k ) ,  by t a k i n g  a sample o f  
t r e e s ,  o r  by some a p p ro a c h  I n v o l v i n g  t h e  measurement o f  s t a n d  
v a r i a b l e s .  When a sample  o f  t r e e s  I s  t a k e n ,  t h e i r  vo lumes
may be d e t e r m in e d  e i t h e r  by d i r e c t  measurement or by th e  use
o f  t r e e  volume t a b l e s .  Measurement  of  s t a n d  volume u s u a l l y  
I n v o l v e s  t h e  use o f  s t a n d  volume t a b l e s .  These and o t h e r  
methods a r e  d is c u s s e d  be low .
( a )  Sample T r e e  Methods
One o f  th e  o l d e s t  methods o f  s t a n d  volume e s t l m -
4a t l o n  -  d e s c r i b e d  by S p u r r  ( 1 9 5 2 )  a n d  C a r r o n  ( 1 9 6 8 )  -  l s  t o  
i s o l a t e  t h e  t r e e  o f  mean v o l u me  v l t h l n  a s t a n d ,  m e a s u r e  I t s  
vo lu me  and  t h e n  m u l t i p l y  by t h e  number  o f  t r e e s  I n  t h e  s t a n d .  
W h e t h e r  t h e  c h o i c e  I s  m e r e l y  t h e  t r e e  o f  mean b a s a l  a r e a  o r  
I s  b a s e d  on a more  c o m p l e x  s e l e c t i o n  s c h e m e ,  b o t h  S p u r r  a nd  
C a r r o n  s t a t e  t h a t  t h e  m e t h o d  g e n e r a l l y  r e q u i r e s  a n  e x c e s s i v e  
a mo un t  o f  work  t o  a c h i e v e  a s a t i s f a c t o r y  r e s u l t .  The s a m p l e  
t r e e  m e t h o d  I n  t h i s  f o r m  I s  a l s o  mos t  s u i t e d  t o  f o r e s t  s t a n d s  
w h i c h  a r e  f a r  more  h om o ge ne ou s  I n  v o l u m e  t h a n  t h e  m i x e d  
b r o a d l e a v e d  f o r e s t s  o f  t h e  t r o p i c s .
H ow ev e r ,  m e t h o d s  i n v o l v i n g  d i r e c t  v o l u m e  e s t i m a t i o n  
o f  I n d i v i d u a l  t r e e s  h a v e  b e e n  d e v e l o p e d  I n  r e c e n t  y e a r s ,  
t o g e t h e r  w i t h  s a m p l i n g  s c h e m e s  more  s o p h i s t i c a t e d  t h a n  t h o s e  
u s e d  w i t h  e a r l i e r  s a m p l e  t r e e  m e t h o d s .  D i r e c t  v o l u m e  e s t i m ­
a t i o n  by h e i g h t  a c c u m u l a t i o n  was f i r s t  p r o p o s e d  by G r o s e n -  
b a u g h  ( 1 9 5 4 )  a s  a s i m p l e  f o r m u l a  f o r  t r e e  v o l u m e  b a s e d  on 
u p p e r  s t e m  d i a m e t e r s  r e a d  I n  d i m i n i s h i n g  a r i t h m e t i c  p r o g r e s ­
s i o n  up t h e  t r e e .  E n g h a r d t  a n d  D e r r  ( 1 9 6 3 )  f o u n d  t h e  m e t h o d  
t o  be e f f i c i e n t  f o r  young  e v e n a g e d  s t a n d s  o f  s o u t h e r n  p i n e ,  
w i t h  a  S p l e g e  1 r e l a s k o p  p r o v i d i n g  s u f f i c i e n t  a c c u r a c y  f o r  t h e  
d i a m e t e r  and  h e i g h t  r e a d i n g s .  B a r r e t t  ( 1 9 6 4 )  f o u n d  t h e  
m e t h o d  a c c u r a t e  I n  t e s t s  on f e l l e d  t r e e s  a n d  L o h r e y  a nd  D e l l  
( 1 9 6 9 )  d e v e l o p e d  c o m p u t e r  p r o g r a m s  t o  c o m p u t e  s a m p l e  t r e e  
v o l u m e s  by h e i g h t  a c c u m u l a t i o n .  A r n e y  a n d  P a i n e  ( 1 9 7 2 )  u s e d  
t h e  m e t h o d  w i t h  a t e l e s c o p i c  S p l e g e  1 r e  1a s k o p  a n d  o b t a i n e d  
r e s u l t s  c o m p a r a b l e  I n  a c c u r a c y  t o  p r e v i o u s  m e a s u r e m e n t s  w i t h  
a B a r r  a n d  S t r o u d  d e n d r o m e t e r .
5W h e t h e r  s e l e c t e d  t r e e s  a r e  t o  be m e a s u r e d  by h e i g h t  
a c c u m u l a t i o n  o r  some o t h e r  m e t h o d ,  a number  o f  s o p h i s t i c a t e d  
s a m p l i n g  s c h e m e s  e x i s t  f o r  t h e  s e l e c t i o n  o f  s a m p l e  t r e e s .
A s p e c i a l  c a s e  o f  u s i n g  p r o b a b i l i t y  p r o p o r t i o n a l  t o  
s i z e  h a s  b e e n  d e v e l o p e d  by G r o s e n b a u g h  ( 1 9 6 3 ,  1964,  1 9 6 5 ,  
1 9 6 7 ) .  C a l l e d  3 - P  s a m p l i n g  ( p r o b a b i l i t y  p r o p o r t i o n a l  t o  
p r e d i c t i o n ) ,  I t  I s  a p p l i e d  I n  t h e  s p e c i a l  c a s e  wh e r e  a l l  
u n i t s  o f  a p o p u l a t i o n  a r e  v i s i t e d  d u r i n g  s a m p l i n g  and  
I n v o l v e s  s e l e c t i o n  o f  s a m p l e  t r e e s  w i t h  a p r o b a b i l i t y  p r o ­
p o r t i o n a l  t o  some  e s t i m a t e  o f  t h e i r  s i z e ,  s u c h  a s  e s t i m a t e d  
h e i g h t  o r  e s t i m a t e d  v o l u m e .
S c h r e u d e r  e t  a j . ( 1 9 7 1 )  c o m p a r e d  t h e  m e t h o d  w i t h  
some o t h e r  s a m p l i n g  m e t h o d s  a n d ,  by s i m u l a t i n g  e a c h  m e t h o d  on 
t h r e e  f o r e s t  p o p u l a t i o n s ,  f o u n d  3 - P  s a m p l i n g  t o  g i v e  s o me wh a t  
l e s s  p r e c i s e  r e s u l t s  t h a n  a n o t h e r  m e t h o d  ( s y s t e m a t i c  s a m p l i n g  
w i t h  p r o b a b i l i t y  p r o p o r t i o n a l  t o  s i z e  f o r  c u m u l a t e d  m e a s u r e s  
o f  s i z e ) .  S e p p ä l ä  ( 1 9 7 1 )  f o u n d  3 - P  s a m p l i n g  and  o p t i mu m 
s t r a t i f i e d  s a m p l i n g  n e a r l y  I d e n t i c a l  I n  e f f i c i e n c y  d u r i n g  a 
c o m p a r i s o n  u s i n g  s i x  s t a n d  s a m p l e  p l o t s  I n  F i n l a n d ,  and  
c omme nt ed  on t h e  d i s a d v a n t a g e  o f  v a r i a t i o n  b e t w e e n  a c t u a l  and  
p l a n n e d  s a m p l e  s i z e .  S t e b e r  a n d  S p a c e  ( 1 9 7 2 )  r e p o r t e d  t h e  
s u c c e s s f u l  a p p l i c a t i o n  o f  3 - P  s a m p l i n g  -  t o g e t h e r  w i t h  t h e  
c o m p u t e r  p r o g r a m  d e v e l o p e d  by G r o s e n b a u g h  ( 1 9 7 1 )  f o r  a s s o c ­
i a t e d  d e n d r o m e t e r  m e a s u r e m e n t s  -  t o  t h e  I n v e n t o r y  o f  a . l a r g e  
f o r e s t  I n  n o r t h e r n  F l o r i d a  a n d  s o u t h e r n  G e o r g i a ,  w i t h  a 
c o n s i d e r a b l e  s a v i n g  o f  t i m e  o v e r  c o n v e n t i o n a l  t e c h n i q u e s .  
Van H o o se r  ( 1 9 7 2 )  r e p o r t e d  s i m i l a r  r e s u l t s  f r o m  a  s i m u l a t e d
63 -P  s a m p le  I n  s o u t h e r n  A la b a m a ,  and  B o n n o r  ( 1 9 7 2 )  f o u n d  3 -P  
s a m p l i n g  much more  e f f i c i e n t  t h a n  p o i n t  o r  p l o t  s a m p l i n g  I n  a 
s t u d y  I n  w e s t e r n  C a nada .
D i r e c t  v o lu m e  m e a s u re m e n t  on  f e l l e d  t r e e s  was used  
by J o h n s o n  and H a r tm a n  ( 1 9 7 2 )  f o r  e s t i m a t i n g  s t a n d  v o lu m e s  I n  
w e s t e r n  O r e g o n ,  w i t h  3 -P  s a m p l i n g  used  f o r  s a m p le  t r e e  
s e l e c t i o n .  The r e s u l t s  f r o m  d i r e c t  m e a s u re m e n t  w e re  c o m p a re d  
w i t h  b o t h  d e n d r o m e t e r  and  v o lu m e  t a b l e  e s t i m a t e s  on  s t a n d i n g  
t r e e s .  A g g r e g a t e  e r r o r s  o f  f r o m  0 . 6  t o  10.7% w e re  f o u n d  I n  
t h e  s t a n d i n g  t r e e  e s t i m a t e s .
S a m p le  t r e e  m e th o d s  a r e  more  a p p l i c a b l e  t o  e v e n a g e d  
s t a n d s  t h a n  t o  h e t e r o g e n e o u s  t r o p i c a l  f o r e s t s .  S p e c i a l i s e d  
m e th ods  I n v o l v i n g  t h e  use o f  d e n d r o m e t e r s  o r  o t h e r  e x p e n s i v e  
e q u ip m e n t  a r e  as y e t  u n p r o v e n  f o r  t r o p i c a l  f o r e s t s ,  w h e re  t h e  
p r o b l e m s  o f  a c c e s s i b i l i t y  and o f t e n  h a r s h  f i e l d  c o n d i t i o n s  
a r e  g e n e r a l l y  a s s o c i a t e d  w i t h  s h o r t a g e s  o f  t r a i n e d  s t a f f .  
M e th ods  I n v o l v i n g  d i r e c t  m e a s u r e m e n ts  on f e l l e d  t r e e s  a l s o  
I n v o l v e  m a j o r  l o g i s t i c a l  p r o b l e m s  f o r  most  t r o p i c a l  f o r e s t s ,  
m a k in g  them  i m p r a c t i c a l  f o r  e x t e n s i v e  s a m p l i n g .
( b )  M e th o d s  U s i n g  Remote S e n s i n g
The t e r m  " r e m o t e  s e n s i n g "  c o v e r s  t h e  use o f  t h e  
u l t r a v i o l e t ,  v i s i b l e ,  i n f r a r e d  and m ic r o w a v e  r e g i o n s  o f  t h e  
e l e c t r o m a g n e t i c  s p e c t r u m  t o  c o l l e c t  d a t a  t h a t  g i v e  a m easu re  
o f  t h e  r e f l e c t a n c e ,  e m i t t a n c e ,  s u r f a c e  g e o m e t r y  and t e m p e r ­
a t u r e  o f  p l a n t s ,  s o i l s  and w a t e r  ( L u n e y  and  D i l l ,  1 9 7 0 ) .
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most commonly used f o r  f o r e s t r y  a p p l i c a t i o n s .
Husch &J. (1 9 7 2 )  d e s c r i b e  th r e e  methods f o r  
e s t i m a t i n g  s ta nd  volume d i r e c t l y  from a e r i a l  p h o to g ra p h s 2 
I n d i v i d u a l  t r e e  volume e s t i m a t i o n ,  s ta nd  volume e s t i m a t i o n  
from s tand  measurement, and volumes from o c u l a r  comparisons  
w i t h  photographs o f  s tands o f  known volume.
The f i r s t  method, o th e r w is e  d e s c r ib e d  as the  use o f  
a e r i a l  t r e e  volume t a b l e s ,  was used by Bonnor ( 1 9 6 4 )  f o r  red  
p i n e ,  using t r e e  h e ig h t  measurements from a e r i a l  photographs  
and d ia m e te rs  e s t im a te d  from a d . b . h . - c r o w n  w id th  r e l a t i o n ­
s h i p .  S i m i l a r  r e l a t i o n s h i p s  have been deve loped fo r  h a rd ­
woods by Burrows and S tra n g  (1 9 6 4 )  and C u r t i n  ( 1 9 6 4 ) ,  w h i le  
Dawkins ( 1 9 6 3 )  has rev iew e d  s i m i l a r  work on seve n te e n  t r o p ­
ic a l  s p e c ie s .  F r a n c is  ( 1 9 6 6 )  c o r r e l a t e d  m erc h a n ta b le  volume 
of  t r o p i c a l  r a i n  f o r e s t  t r e e s  In  Sabah w i t h  crown a re a  
measurements from a i r  p h o to s ,  but exc luded  t r e e  h e ig h t  
measurements because of  the  d i f f i c u l t y  In  o b t a i n i n g  them and 
t h e i r  In ad eq u a te  c o r r e l a t i o n  w i t h  m erc h a n ta b le  b o le  le n g th .  
H itc h c o c k  ( 1 9 7 4 )  a l s o  used o n ly  crown measurements f o r  volume 
e s t im a te s  of  ponderosa p ine  In  A r i z o n a .
Tree volume e s t im a te s  from l o w . l e v e l  la rg e  s c a le  
photographs have been developed In  Canada by Lyons (1 9 6 6 ,  
1 9 6 7 ) ,  Sayn-WI t t g e n s t e l  n and A ld r e d  ( 1967) and Westby e£ 
a_l. ( 1 9 6 8 ) ,  using bo th  h e ig h t  and crown a r e a .
A e r i a l  s ta n d  volume t a b l e s  use v a r i a b l e s  such as
ßs t a n d  h e i g h t  and  d e n s i t y .  R o g e r s  ( I 9 6 0 )  o b t a i n e d  p r e l i m i n a r y  
v o lu m e  e s t i m a t e s  f o r  t h e  C a s p i a n  f o r e s t s  o f  I r a n  u s i n g  mean 
t r e e  h e i g h t ,  mean c r o w n  d e n s i t y  and p r o p o r t i o n  o f  f o r e s t e d  
l a n d  as d e t e r m i n e d  f r o m  p h o t o  p l o t  m e a s u r e m e n t s .  A l t h o u g h  
S p u r r  ( 1 9 5 2 )  c l a i m e d  t h a t  a e r i a l  s t a n d  v o lu m e  t a b l e s  w e re  
more  c o m m o n ly  used  t h a n  a e r i a l  t r e e  v o lu m e  t a b l e s  b ec a us e  o f  
d i f f i c u l t i e s  i n  d i s t i n g u i s h i n g  i n d i v i d u a l  t r e e s  on medium 
s c a l e  a i r  p h o t o s ,  t h e  w o rk  w i t h  l a r g e  s c a l e  p h o t o g r a p h y  
d e s c r i b e d  ab o v e  has t i p p e d  t h e  b a l a n c e  i n  t h e  o t h e r  d l r e c ­
t i  o n .
D i r e c t  o c u l a r  c o m p a r i s o n s  o f  t h e  p h o t o g r a p h i c  Image 
w i t h  s t a n d a r d  s t e r e o g r a m s  o f  a r e a s  o f  known vo lu m e  I s  a 
s u b j e c t i v e  m e th o d ,  base d  on t h e  p r e m i s e  t h a t  a c o m p e t e n t  
p h o t o - i n t e r p r e t e r  c a n  see  much more I n  t h e  s t e r e o s c o p i c  image 
t h a n  c a n  be e x p r e s s e d  by  s i m p l e  m e a s u r e m e n ts  o f  t r e e  h e i g h t ,  
c r o w n  d i a m e t e r  and c r o w n  c l o s u r e  ( S p u r r ,  1 9 5 2 ) .  T h i s  m e th o d  
was used by  S w e 11e n g r e b e 1 ( 1 9 6 5 )  f o r  a p r e l i m i n a r y  r e c o n n a i s ­
s a n c e  s u r v e y  o f  t r o p i c a l  r a i n  f o r e s t  I n  West I r i a n ,  b u t  i t  
was f o u n d  t h a t  v a r i a t i o n  I n  p h o t o g r a p h y  and  o p e r a t o r  f a t i g u e  
l e a d  t o  p r o b l e m s  I n  c o n s i s t e n c y  o f  I n t e r p r e t a t i o n .
S p u r r  f o u n d  s e r i o u s  e r r o r s  I n  d i r e c t  v o lu m e  e s t i m ­
a t e s  f r o m  a i r  p h o t o s ,  and recommended t h e i r  use as an a d j u n c t  
t o  g r o u n d  s u r v e y s  r a t h e r  t h a n  as a p r i m a r y  s o u r c e  o f  s t a n d  
v o lu m e  e s t i m a t e s .  He f o u n d  t h a t  e s t i m a t e s  o b t a i n e d  f r o m  
c o m b in e d  a i r  p h o t o - g r o u n d  c r u i s e s  w e re  c o n s i d e r a b l y  more 
a c c u r a t e  t h a n  d i r e c t  a i r  p h o t o  e s t i m a t e s  and  w e re  f a s t e r  t h a n  
p u r e l y  g r o u n d  m e th o d s .  Boon ( 1 9 7 0 )  a l s o  recommended t h i s
9p r o c e d u r e  f o r  I n v e n t o r y  o f  t r o p i c a l  r a i n  f o r e s t ,  c l a i m i n g  
t h a t  m e th ods  o f  e s t i m a t i n g  v o lu m e  d i r e c t l y  f r o m  a i r  p h o t o s  
w h i c h  we re  s u c c e s s f u l  I n  t e m p e r a t e  f o r e s t s  u s u a l l y  f a i l e d  I n  
t r o p i c a l  r a i n  f o r e s t ,  m a i n l y  due t o  t h e  h e t e r o g e n e o u s  s p e c i e s  
c o m p o s i t i o n .  M acLean ( 1 9 7 2 )  a l s o  f a v o u r e d  j o i n t  a e r i a l  and 
g r o u n d  m e t h o d s ,  and d e m o n s t r a t e d  c o n s i d e r a b l e  I m p r o v e m e n t s  I n  
s a m p l i n g  e f f i c i e n c y  o f  d o u b l e  s a m p l i n g  on a i r  p h o t o s  o v e r  
s i m p l e  f i e l d  s a m p l i n g .
O t h e r  f o r m s  o f  r e m o t e  s e n s i n g  s u c h  as i n f r a r e d  l i n e  
s c a n n i n g  ( H i r s c h ,  1 9 6 5 ) ,  s i d e  l o o k i n g  a e r i a l  r a d a r  (FAO, 
1973 )  and  s a t e l l i t e  p h o t o g r a p h y  ( H e a t h ,  197*0  a r e  o f  i n t e r e s t  
f o r  f o r e s t  t y p e  c l a s s i f i c a t i o n ,  o r  as s a m p l i n g  f r a m e s  f o r  
m u l t i - s t a g e  s a m p l i n g  ( L a n g l e y ,  1 9 6 9 ) ,  b u t  a t  p r e s e n t  t h e y  
seem t o  have  l i t t l e  p o t e n t i a l  f o r  d i r e c t  s t a n d  v o lu m e  
e s t I  mat I o n .
( c )  S t a n d  Vo lume T a b l e s
S t a n d  v o lu m e  t a b l e s  a r e  used  t o  e s t i m a t e  s t a n d  
v o lu m e  p e r  u n i t  a r e a  f r o m  v a r i a b l e s  s u c h  as s t a n d  b a s a l  a r e a ,  
s t a n d  mean h e i g h t  o r  t o p  h e i g h t  and  s t a n d  f o r m  f a c t o r ;  s h o r t  
c u t  m e th o d s  o f  m e a s u r i n g  s t a n d  b a s a l  a r e a  by  p o i n t  s a m p l i n g  
( G r o s e n b a u g h ,  1952 )  a r e  u s u a l l y  u s e d .  S p u r r  ( 1 9 5 2 )  f o u n d  
t h a t  s t a n d  v o lu m e  t a b l e s  gave  b e s t  r e s u l t s  w i t h  f u l l y  s t o c k e d  
s t a n d s  o f  e v e n a g e d  c o n i f e r s ,  b u t  t h e y  have  been  a p p l i e d  t o  
I r r e g u l a r  s t a n d s  I n  some c a s e s .  M a l i k  ( 1 9 6 8 ,  1969)  d e v e l o p e d  
and t e s t e d  a m e th o d  f o r  f o r e s t s  I n  P a k i s t a n  w h i c h  was 
e q u i v a l e n t  t o  a s i n g l e  e n t r y  s t a n d  v o lu m e  t a b l e  b a s e d  on
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s t a n d  b a s a l  a r e a ,  b u t  h i s  s t a n d a r d s  o f  c o m p a r i s o n  make 
e v a l u a t i o n  o f  t h e  m e th o d  d i f f i c u l t .  C rom er  and  C a r r o n  ( 1 9 5 6 )  
d e v e l o p e d  t w o - v a r i a b l e  s t a n d  v o lu m e  t a b l e s  f o r  PI nus r a d j  a t a  
I n  t h e  A . C . T .  based  on s t a n d  b a s a l  a r e a  and a m easu re  o f  
s t a n d  mean h e i g h t ;  t h e  t a b l e s  e n a b l e d  s t a n d  v o lu m e  t o  be 
p r e d i c t e d  a l m o s t  as v e i l  as w i t h  a f o u r - v a r  I ab  1e t r e e  v o lu m e  
t a b l e ,  and I n  l e s s  t h a n  1% o f  t h e  t i m e .
E v e r t  ( 1 9 6 9 a )  d e v e l o p e d  a t h r e e - v a r I  ab  1e s t a n d  
v o lu m e  t a b l e  by  t h e  I n g e n i o u s  use o f  b a s a l  a r e a  sweeps b o t h  
a t  b r e a s t  h e i g h t  and a f i x e d  u p p e r  h e i g h t ,  u s i n g  a r e l a s c o p e  
and  a h e i g h t  p o l e ,  t o  p r o d u c e  an e s t i m a t e  o f  s t a n d  f o r m  
q u o t i e n t .  P o w e l l  ( 1 9 6 9 )  I n t r o d u c e d  a t h i r d  v a r i a b l e  by 
e s t i m a t i n g  o c u l a r l y  t h e  G i r a r d  f o r m  c l a s s  o f  e a c h  t r e e  I n  t h e  
s a m p l e ,  b u t ,  as n o t e d  by  S p u r r  ( 1 9 5 2 ) ,  s u c h  s u b j e c t i v e  
e s t i m a t e s  o f  f o r m  c a n  i n t r o d u c e  a d e g r e e  o f  b i a s  w h i c h  
o f f s e t s  an y  p o t e n t i a l  g a i n s  I n  p r e c i s i o n .
S t a n d  v o lu m e  t a b l e s  c a n  be d i f f i c u l t  t o  a p p l y  I n  
m ix e d  u n e v e n a g e d  f o r e s t s .  I f  t h e  f o r e s t  I s  e x t r e m e l y  I r r e g ­
u l a r  o r  p a t c h y  I n  s t r u c t u r e  t h e n  f i g u r e s  f o r  mean s t a n d  
h e i g h t  o r  s t a n d  b a s a l  a r e a  may have  1 I ml t e d  , m e a n ln g ,  and  I n  
a d d i t i o n  t h e r e  I s  t h e  p r o b l e m  o f  how much o f  t h e  s m a l l  s i z e  
c l a s s e s  t o  I n c l u d e  I n  t h e  m e a s u r e m e n ts  f o r  d e t e r m i n i n g  s u c h  
p a r a m e t e r s .  I f  m e r c h a n t a b l e  v o l u m e s  a r e  r e q u i r e d  t h e n  m e r c h ­
a n t a b l e  b o l e  l e n g t h s  must  be m e a s u re d  I n  p r e f e r e n c e  t o  t o t a l  
t r e e  h e i g h t s ,  and mean v a l u e s  f o r  l o g  l e n g t h s  o f  some 
m e r c h a n t a b l e  s t a n d a r d  may o b v i o u s l y  have  v e r y . l i t t l e  a p p l i c ­
a t i o n  t o  s t a n d  c o n d i t i o n s .  B u t  by  f a r  t h e  m os t  s e r i o u s
p ro b le m  w i t h  th e  use of  s ta n d  volume t a b l e s  in  a mixed f o r e s t  
i s  th e  d i f f i c u l t y  o f  p a r t i t i o n i n g  t h e  o v e r a l l  s t a n d  volume  
e s t i m a t e  by s p e c i e s *  where s p e c ie s  v a r y  b o th  In  q u a l i t y  and 
p o t e n t i a l  end uses,  such e s t i m a t e s  a r e  e s s e n t i a l .
( d )  T ree  Volume T a b le s
The commonest fo rm  o f  s t a n d  volume e s t i m a t i o n  I n  
h e te r o g e n e o u s  f o r e s t s  I n v o l v e s  t h e  use o f  t r e e  o r  s t a n d  
volume t a b l e s .  The I n v e n t o r y  I s  c o n f i n e d  t o  r e l a t i v e l y  
s i m p le  measurements such as t r e e  d i a m e t e r  and h e i g h t ,  or  
s t a n d  basa l  a r e a  and s t a n d  h e i g h t ,  and a subsam ple  Is  used t o  
d e t e r m i n e  t h e  r e l a t i o n s h i p  between t h e s e  p a r a m e t e r s  and t r e e  
or  s t a n d  vo lu m e .  T re e  volume t a b l e s  r e l a t e  t r e e  volume t o  
one or  more In d e p e n d e n t  v a r i a b l e s ,  I . e . ,  t r e e  d i a m e t e r ,  
h e i g h t  and some measure o f  f o r m ,  p l u s  In  some cases b a rk  
t h i c k n e s s .
S i n g l e  e n t r y  t r e e  volume t a b l e s  u s u a l l y  r e l a t e  t r e e  
volume t o  d i a m e t e r  a t  b r e a s t  h e i g h t  ( d . b . h . ) ,  and a r e  
g e n e r a l l y  most s u i t e d  t o  evenaged  s t a n d s .  However some
a t t e m p t s  have been made t o  a p p l y  them t o  h e te ro g e n e o u s  
unevenaged hardwood s t a n d s .  Banks and Burrows ( 1 9 6 6 )  p r o ­
duced s i n g l e  v a r i a b l e  t r e e  volume t a b l e s  f o r  m e r c h a n t a b le  
volume o f  e a c h  o f  t h r e e  R h o d e s ia n  woodland s p e c i e s ,  w h ich  
gave a c c e p t a b l e  r e s u l t s  because o f  t h e  f a c t  t h a t  b o l e . l e n g t h  
was r e a s o n a b l y  c o n s t a n t  among t r e e s  o f  m e r c h a n ta b le  s i z e .  
Wong ( 1 9 6 6 )  d e v e lo p e d  a s i n g l e  e n t r y  t a b l e  f o r  lo w la n d  
D I p t e r o c a r p  f o r e s t  I n  M a la y a  w h ic h  I n c l u d e d  l a r g e  numbers o f
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d i f f e r e n t  t r e e  s p e c i e s ,  but  he p r e d i c t e d  “ t o t a l "  volume ( b o l e  
p lu s  b ra n c h v o o d )  r a t h e r  th a n  m e r c h a n t a b l e  b o le  volume and 
a l s o  grouped th e  d a t a  i n t o  two s i z e  c l a s s e s  t o  p roduce  a 
s a t i s f a c t o r y  f i t  ove r  th e  w ho le  r a n g e .  He a l s o  recommended 
t h e  use o f  e x i s t i n g  t w o - v a r i a b l e  volume t a b l e s  ( V i n c e n t  and 
S a n d r a s e g a r a n ,  1965b)  f o r  t h e  e s t i m a t i o n  o f  m e r c h a n t a b le  
volume r a t h e r  th a n  t o t a l  v o lu m e ,  because  o f  l a r g e  v a r i a t i o n s  
i n  p r o p o r t i o n s  o f  b o l e  and b ranchvood  betw een  s p e c i e s ,  
C h a tu r v e d I  ( 1 9 7 3 )  o b t a i n e d  r e s u l t s  s i m i l a r  t o  t h o s e  o f  Wong, 
f i n d i n g  a good c o r r e l a t i o n  betw een  d i a m e t e r  and t h e  t o t a l  o f  
t i m b e r  b o le  volume and branchvood v o lu m e ,  f o r  t e a k  I n  I n d i a .
L o c a l  or  s i n g l e  e n t r y  t r e e  volume t a b l e s  were  
produced  f o r  t r o p i c a l  r a i n  f o r e s t  s p e c ie s  I n  t h e  B r i t i s h  
Solomon I s l a n d s  by Bengough ( 1 9 6 5 ,  196 6 )  and Bengough and 
B u rn -M urdoch  ( 1 9 6 7 ) «  However eac h  t a b l e  c o v e r e d  o n l y  a 
s i n g l e  s p e c ie s  I n  a p a r t i c u l a r  l o c a l i t y  and f o r e s t  t y p e ,  and 
a method t o  " t e s t  and r e - l o c a l l z e "  t h e  t a b l e s  was recommended  
I f  t h e y  were t o  be a p p l i e d  t o  o t h e r  a r e a s .
T w o - v a r i a b l e  t r e e  volume t a b l e s ,  us ing  t r e e  d . b . h ,  
and h e i g h t  t o  p r e d i c t  v o lu m e ,  a r e  th e  most common fo rm  o f  
volume t a b l e .  T ree  h e i g h t  I s  e i t h e r  measured d i r e c t l y  f o r  
each t r e e  o r  I n  some cases  p r e d i c t e d  f rom  a subsam ple  o f  t r e e  
h e i g h t  measurements by r e l a t i n g  h e i g h t  t o  d i a m e t e r  ( e . g . ,  Ker  
and S m i t h ,  195 5 ,  1957» M a l i k ,  1 9 6 8 ) .  More work has p r o b a b l y  
been done w i t h  t w o - v a r i a b l e  t r e e  volume t a b l e s  as a method o f  
s ta n d  volume e s t i m a t i o n  th a n  any o t h e r  m ethod ,  s t a r t i n g  w i t h  
th e  t a b l e s  produced  by g r a p h i c a l  methods I n  t h e  1800s th r o u g h
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t h e  e a r l y  d e v e l o p m e n t  o f  m a t h e m a t i c a l  m o d e l s  by  w o r k e r s  s u c h  
as Sc hu ma c he r  and H a l l  ( 1 9 3 3 )  t o  t h e  r o u t i n e  use o f  c o m p u t e r  
f i t t e d  v o l u m e  r e g r e s s i o n s  f o r  mode r n  I n v e n t o r y *  T h i s  i s  
d i s c u s s e d  I n  f u r t h e r  d e t a i l  i n . l a t e r  c h a p t e r s .
B e c a u s e  t r e e s  o f  t h e  same d . b . h .  and h e i g h t  may 
d i f f e r  I n  v o l u m e ,  many a t t e m p t s  have  been  made t o  I n c l u d e  
some me as u r e  o f  t r e e  f o r m  as an  a d d i t i o n a l  v a r i a b l e .  I f  t h e  
v o l u me  o f  a t r e e  i s  r e p r e s e n t e d  by
v o l u m e  = b a s a l  a r e a  x h e i g h t  x f o r m  f a c t o r
t h e n  t h e  f o r m  f a c t o r  w i l l  be t h a t  f r a c t i o n  o f  t h e  v o l u m e  o f  a 
c y l i n d e r  o f  t h e  same b a s a l  a r e a  and h e i g h t  o c c u p i e d  by  t h e  
t r e e .  Be ca us e  s u c h  f a c t o r s  a r e  " a b s t r u s e  c o n c e p t s "  ( S p u r r ,  
1952)  and d i f f i c u l t  t o  e v a l u a t e  f o r  s t a n d i n g  t r e e s ,  v a r i o u s  
i n d i c a t o r s  o f  t r e e  f o r m  have been  u s e d .  Chapman and Meyer  
( 1 9 4 9 )  d e s c r i b e  b o t h  f o r m  q u o t i e n t  ( t h e  r a t i o  o f  d i a m e t e r  a t  
h a l f  h e i g h t  above  b r e a s t  h e i g h t  t o  d . b . h . )  and G i r a r d  f o r m  
c l a s s  ( t h e  r a t i o  o f  d i a m e t e r  u n d e r  b a r k  a t  16 f e e t  ( 4 . 9 m )  t o  
d i a m e t e r  o v e r  b a r k  a t  b r e a s t  h e i g h t ) .  As C a r r o n  ( 1 9 6 8 )  has 
n o t e d ,  a f o r m  q u o t i e n t  bas e d  on d i a m e t e r  a t  h a l f  t o t a l  h e i g h t  
c a n  o n l y  be a p p l i e d  e f f e c t i v e l y  t o  t r e e s  w h i c h  hav e  a s i n g l e  
s t e m  f r o m  g r o u n d  t o  t i p ;  t h e i r  a p p l i c a t i o n  t o  d e l i q u e s c e n t  
h a r d w o o d s  w h i c h  l a c k  s u c h  a c o n t i n u o u s  s t e m  w o u l d  t h e r e f o r e  
be I n a p p r o p r i a t e .  However  Hegy l  ( 1 9 6 5 )  used an I n d e x  some­
w h a t  a n a l o g o u s  t o  t h e  G i r a r d  f o r m  c l a s s  f o r  t r o p i c a l  r a i n  
f o r e s t  t r e e s  I n  B r i t i s h  G u i a n a ,  b a se d  on t h e  d i f f e r e n c e  
b e t w e e n  d i a m e t e r  a t  b r e a s t  h e i g h t  o r  a b o v e  b u t t r e s s  and 
d i a m e t e r  a t  a f i x e d  d i s t a n c e  o f  15 f e e t  ( 4 . 6 m )  above  t h i s
pol  nt
G o l d i n g  and H a l l  ( 1 9 6 1 )  o b t a i n e d  marked I n c r e a s e s  
I n  p r e c i s i o n  o f  t h e  volume e s t i m a t e  f o r  t h r e e  N o r t h  A m er i c an  
c o n i f e r s  by add ing  f o r m q u o t i e n t  as a t h i r d  v a r i a b l e  i n  
volume t a b l e s .  However S I m p f e n d o r f e r  ( 1 9 5 9 )  o b t a i n e d  o n l y  a 
s m a l l  i n c r e a s e  I n  p r e c i s i o n  w i t h  P I n u s  r a d ! a t a  I n  V i c t o r i a  
when a measure of  form was added .  As n o t e d  by S p u r r  ( 1 9 5 2 ) ,  
a l l  measures o f  form have been f ound t o  v a r y  I n d e p e n d e n t l y  o f  
b o t h  d i a m e t e r  and h e i g h t ,  and I t  I s  n e c e s s a r y  t o  t a k e  a 
measure o f  f o r m f o r  eac h  t r e e  sampled I f  t h e  p r e c i s i o n  o f  t h e  
volume e s t i m a t e  I s  t o  be I mp r o v e d .  T h i s  adds c o n s i d e r a b l y  t o  
t h e  t i m e  t a k e n  f o r  f i e l d  work a nd ,  even  a f t e r  t h e  s u c c e s s f u l  
r e s u l t s  r e p o r t e d  ab ov e ,  G o l d i n g  and H a l l  recommended a 
t w o - v a r i a b l e  t r e e  volume e q u a t i o n  as c o mb i n i ng  a s u f f i c i e n t l y  
h i g h  p r e c i s i o n  w i t h  ease  o f  use.  And a f t e r  r e v i e w i n g  t h e  
p r o b l e m ,  S p u r r  c o n c l u d e d :  "The c o m p l e x i t i e s  I n t r o d u c e d  by t h e  
f o rm  c l a s s  t e c h n i q u e  s e e m i n g l y  o u t w e i g h  t h e  t h e o r e t i c a l  
Improvement  I n  volume e s t i m a t e . 1'
A f o u r t h  v a r i a b l e  -  b ar k  t h i c k n e s s  -  was I n c l u d e d  
I n  a g e n e r a l  volume t a b l e  f o r  p l a n t a t i o n  P I n u s  r a d l a t a  by 
Cromer  e t  a j  . ( 1 9 5 5 ) .  However t h e i r  t a b l e  was d e s i g n e d  t o
g i v e  p r e c i s e  e s t i m a t e s  o f  volume f o r  I n d i v i d u a l  p l a n t a t i o n -  
grown t r e e s ,  and I s  not  a p p r o p r i a t e  t o  t h e  e s t i m a t i o n  of  
o v e r a l l  s t a n d  volumes I n  mixed t r o p i c a l  hardwood f o r e s t s .
T r e e  volume t a b l e s  a r e  a s u i t a b l e  method f o r  mixed
hardwood f o r e s t s  I n  g e n e r a l ,  and f o r  t r o p i c a l  f o r e s t s  I n
p a r t i c u l a r .  The use o f  t h r e e  v a r i a b l e s  -  I n c l u d i n g  an
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e s t i m a t e  o f  t r e e  f o r m  -  r e q u i r e s  t h e  t i m e - c o n s u m i n g  m e a s u r e ­
ment  o f  u p p e r  s t e m  d i a m e t e r s  on e v e r y  t r e e  I f  p r e c i s i o n  I s  t o  
be I m p r o v e d ,  and t h i s  I s  u s u a l l y  d i f f i c u l t  t o  j u s t i f y  I n  
t e r m s  o f  maximum p r e c i s i o n  a c h i e v a b l e  f o r  a g i v e n  I n v e n t o r y  
c o s t .  The use o f  o n l y  one v a r i a b l e  ( d i a m e t e r )  I n v o l v e s  
p r o b l e m s  I n  t h e  a p p l i c a b i l i t y  o f  t h e  t a b l e s  o u t s i d e  v e r y  
1o c a l I s e d  a r e a s .
T w o - v a r i a b l e  t r e e  v o l u m e  t a b l e s  a r e  t h e  o n l y  a l t e r ­
n a t i v e .  As d e s c r i b e d  I n  FA O ' s  ( 1 9 7 3 )  " M a n ua l  o f  F o r e s t  
I n v e n t o r y " ,  t h e s e  c a n  be a p p l i e d  e i t h e r  d i r e c t l y  by  m e a s u r i n g  
b o t h  d i a m e t e r  and h e i g h t  o f  e v e r y  t r e e  I n  t h e  s a m p l e ,  o r  
I n d i r e c t l y  by  m e a s u r i n g  h e i g h t s  o f  o n l y  a s u b s a m p l e  and t h e n  
r e l a t i n g  h e i g h t  t o  d i a m e t e r .  The s e c o n d  m e t hod  has been used  
by K e r  and S m i t h  ( 1 9 5 7 )  I n  C a n a d i a n  f o r e s t s ,  by M a l i k  ( I 9 6 0 )  
f o r  n a t u r a l l y  o c c u r r i n g  c o n i f e r s  I n  P a k i s t a n ,  by S a n d r a -  
s e g a r a n  ( 1 9 7 0 )  f o r  p l a n t a t i o n  c o n i f e r s  I n  M a l a y a ,  by  C h a t u r -  
v e d l  ( 1 9 7 3 )  f o r  t e a k  I n  I n d i a ,  and  by  C a r r o n  ( I 9 6 0 )  f o r  
e u c a l y p t  f o r e s t s  I n  A u s t r a l i a .  The r e l a t i v e  e f f i c i e n c y  o f  
e i t h e r  me th o d  o b v i o u s l y  d e p e nd s  on t h e  t i m e  t a k e n  f o r  t r e e  
h e i g h t  m e a s u r e m e n t s  I n  t h e  f o r e s t s  c o v e r e d  by  t h e  I n v e n t o r y .
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CHAPTER 2 2 THE TROPICAL FORESTS OF THE NORTHERN
TERRITORY
The a r e a  o f  t h e  N o r t h e r n  T e r r i t o r y  which I s  o f  
m a j or  f o r e s t r y  I n t e r e s t  l i e s  n o r t h  of  t h e  3 0 H (762mm) I s o h y e t  
( F i g u r e  2 - 1 ) .  The whole  a r e a  I s  o f  g e n e r a l l y  low r e l i e f ,  
r a n g i n g  f rom e x t e n s i v e  c o a s t a l  p l a i n s  where r e l i e f  I s  g e n e r ­
a l l y  l e s s  t h a n  10 me t re s  t o  d i s s e c t e d  p l a t e a u x  w h i c h ,  w h i l e  
b e i n g  v e r y  rugged and b r o k e n ,  do not  I n c l u d e  p o i n t s  h i g h e r  
t h a n  a bo ut  400 met res  above sea  l e v e l .  F o r e s t  r e s o u r c e s  o f  
commer c i a l  I n t e r e s t  a r e  c o n f i n e d  t o  t h e  p l a i n s .
The c l i m a t e  I s  o f  a t r o p i c a l  monsoon t y p e ,  w i t h  
mean d a l l y  t e m p e r a t u r e s  I n  t h e  a p p r o x i m a t e  range  2 2 - 3 2 ° C  o v e r  
t h e  whole  a r e a  t h r o u g h o u t  t h e  y e a r ,  and a m a r k e d l y  s ea sona l  
r a i n f a l l  w i t h  80 -85% of  t h e  a v e r a g e  annual  r a i n f a l l  f rom  
December t o  March and v i r t u a l l y  none f rom May t o  S e pt emb er .  
Mean r e l a t i v e  h u m i d i t y  r an ge s  f rom a p p r o x i m a t e l y  50% t o  70% 
d u r i n g  t h e  d r y  s e a s on ,  and f rom 70% t o  80% d u r i n g  t h e  wet  
s e a s o n .
( I )  FOREST TYPES AND TREE SPECIES
F o r e s t  t y p e s  o c c u r r i n g  I n  t h e  N o r t h e r n  T e r r i t o r y  
a r e  shown I n  v e r y  broad t e r ms  on t h e  map o f  v e g e t a t i o n  
r e g i o n s  I n  t h e  A t l a s  o f  A u s t r a l i a n  Resources  ( W i l l i a m s ,  
1 9 5 5 ) .  A c l a s s i f i c a t i o n  o f  g r e a t e r  f o r e s t r y  i n t e r e s t  I s  
g i v e n  by S t o c k e r  ( 1 9 7 2 )  as f o l l o w s 2
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Figure 2.1
The area of major forestry interest in the Northern Territory. 
Forest areas of interest to this study are cross hatched and 
flagged with their locality codes.





a .  Mangrove and beach v e g e t a t i o n
b.  Monsoon f o r e s t
c .  Swamp f o r e s t
d .  R i p a r i a n  f o r e s t
e .  T a l l  open f o r e s t  ) I n c l u d i n g
) c y p r e s s
f - Low open f o r e s t  and ) p in e  s ta n d s  
savannah  woodland )
The most e x t e n s i v e  f o r e s t  t y p e  w i t h  com m erc ia l  
p o t e n t i a l  I s  t a l l  open f o r e s t .  The dom inant  t r e e  s p e c ie s  a r e  
( n o m e n c l a t u r e  a f t e r  C h i p p e n d a l e ,  1971 )  E uca 1 yp t  us ml nl a t a  and 
E. t e t r o d o n t a . w h ich  a r e  by f a r  t h e  most common s p e c ie s  In  
th e  whole  a r e a .  The b e t t e r  f o r e s t  has dominant  t r e e s  ove r  
20m I n  h e i g h t ,  w i t h  o c c a s i o n a l  t r e e s  ove r  30m on th e  b es t  
s i t e s .  O th e r  a s s o c i a t e d  s p e c i e s  I n c l u d e  m ajor  o c c u r r e n c e s  of  
E.. nesoph! 1 a on M e lv l  l i e  and B a t h u r s t  I s l a n d s  and Cobourg  
P e n i n s u l a ,  and o t h e r  le s s  common s p e c i e s  such as IE .  b 1 e e s e r I  
( m a i n l y  on low s t o n y  r i d g e s )  and £ .  p o l y c a r p a  ( o f t e n  b o r d e r ­
ing  heavy s o i l s  n e a r  w a t e r c o u r s e s ) .  I n  a d d i t i o n  t h e r e  a r e  a 
number of  u n d e r s t o r e y  s p e c ie s  such as E r y t  hroph l  oeum c h l o r o -  
stachyurn ( w h i c h  can o c c a s i o n a l l y  form p a r t  o f  t h e  canopy)  and 
v a r i o u s  s p e c i e s  o f  E u g e n la  and T e r m I na 1 I a , p l u s  a number o f  
o t h e r  s p e c ie s  I n  t h e  shrub  l a y e r .  Cal 11 t r 1s I n t r a t r o p l c a  
( n o r t h e r n  c y p r e s s  p i n e )  o c c u rs  I n  sm al l  groups s c a t t e r e d  
t h r o u g h o u t  v a r i o u s  a r e a s  I n c l u d i n g  n o r t h e r n  Arnhem Land and 
a r e a s  nea r  B o r r o l o o l a  and D o r i s v a l e ;  however  I t  has no t  been  
I n c l u d e d  I n  t h i s  s t u d y  o f  volume t a b l e s  f o r  b r o a d le a v e d
t r e e s
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Low open f o r e s t  and s av annah  woodland i s  o f  l i m i t e d  
commer c i a l  I n t e r e s t  I n  a r e a s  where  I t  I s  t h e  ma j or  f o r e s t  
t y p e ,  but  I t  a l s o  occ u rs  on p a t c h e s  o f  hea vy ,  p o o r l y  d r a i n e d  
s o i l s  t h r o u g h o u t  a r e a s  o f  t a l l  open f o r e s t .  The main t r e e  
s p e c i e s  I n c l u d e  E.  dl  chromophlo? a and E.  I a t  1 f o l I  a , which  
g e n e r a l l y  do not  exceed  15m I n  h e i g h t .
L a r ge  a r e a s  of  swamp f o r e s t  occur  t h r o u g h o u t  t h e  
c o a s t a l  p l a i n s ,  on heavy b l a c k  s o i l  a r e a s  which  a r e  u s u a l l y  
f l o o d e d  f o r  most o f  t h e  y e a r .  The main s p e c i e s  I s  lie 1 a I e uc a 
c a j u p u t  1 , w h i ch  grows t o  s i z e s  l a r g e r  t ha n  any o t h e r  t r e e  
s p e c i e s  f ound  In  t h e  N o r t h e r n  T e r r i t o r y  (up t o  40m) .  O t h e r  
s p e c i e s  I n c l u d e  M. 1 e u c a d e n d r o n , M. n e r vo s a  and M. vl  r I dl -  
f 1 o r a .
O t h e r  v e g e t a t i o n  t y p e s  a r e  o f  l i t t l e  or> no commer­
c i a l  I n t e r e s t ,  w i t h  t h e  e x c e p t i o n  o f  t h e  l i m i t e d  use o f  some 
s p e c i e s  f rom t h e  s ma l l  p a t ch e s  of  monsoon f o r e s t  which occur  
on w e l l  w a t e r e d  s i t e s .  D e s c r i p t i o n s  o f  o t h e r  f o r e s t  t y p es  
a r e  g i v e n  by S t o c k e r  ( 1 9 7 2 )  and a check  l i s t  o f  p l a n t  s p e c i e s  
r e c o r d e d  f ro m t h e  N o r t h e r n  T e r r i t o r y  has been c o m p i l e d  by 
C h i p p e n d a l e  ( 1971 ) -
( I I )  HISTORY OF COMMERCIAL EXPLOITATION
The f i r s t  Eu ropean  s e t t l e m e n t s  I n  t h e  N o r t h e r n  
T e r r i t o r y  were  s h o r t - l i v e d  a t t e m p t s  a t  F o r t  Dundas on M e l ­
v i l l e  I s l a n d  ( 1 8 2 4 - 1 8 2 9 ) ,  F o r t  W e l l i n g t o n  i n  R a f f l e s  Bay 
( 1 8 2 7 - 1 8 2 9 ) ,  V i c t o r i a  a t  P o r t  E s s i n g t o n  ( 1 8 3 8 - 1 8 4 9 )  and
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Es ca pe  C l i f f s  l n  Adam Bay ( 1 8 6 4 - 1 8 6 7 ) .  These  f a i l u r e s  a r e  
d e s c r i b e d  by Baue r  ( 1 9 6 4 ) .  L o c a l  t i m b e r  was used f o r  
b u i l d i n g s  and f u e l .
F o l l o w i n g  p e r m a n e n t  s e t t l e m e n t  a t  P a l m e r s t o n  ( D a r ­
w i n )  I n  1869 t h e  p o p u l a t i o n  g r ew  t o  5000 by  1890 .  T i m b e r  
c u t t i n g  and  h a u l i n g  a r e  r e f e r r e d  t o  by B a u e r  u n d e r  t h e  
h e a d i n g  o f  " M i s c e l l a n e o u s  I n d u s t r i e s "  f o r  t h i s  p e r i o d ,  and 
m a i n l y  I n v o l v e d  t h e  c u t t i n g  o f  c y p r e s s  p i n e  I n  many a r e a s  a t  
v a r y i n g  d i s t a n c e s  f r o m  D a r w i n .  Much o f  t h e  w o r t h w h i l e
a c c e s s i b l e  f o r e s t  a p p e a r s  t o  have  been  c u t  o u t  by  a b o u t  1910 ,  
b u t  l i m i t e d  c u t t i n g  p r o b a b l y  c o n t i n u e d  a f t e r  t h a t  d a t e .
D u r i n g  t h e  s e c o n d  w o r l d  war  t h e  Ar my  c u t  t i m b e r  
f r o m  v a r i o u s  l o c a l i t i e s  f o r  m i l i t a r y  p u r p o s e s  ( B a t e m a n ,  1 9 5 5 ;  
S t o c k e r ,  1 9 7 2 ) ,  l e a v i n g  many o f  t h e  s t a n d s  w i t h i n  e a s y  r e a c h  
o f  D a r w i n  I n  a d e g r a d e d  c o n d i t i o n .  By 1953 t h e r e  was a 
number  o f  s m a l l  m i l l s  b e t w e e n  C o b o u r g  P e n i n s u l a  and K a t h ­
e r i n e ,  m o s t l y  c u t t i n g  c y p r e s s  p i n e  f r o m  s c a t t e r e d  s t a n d s  a t  
l o n g  d i s t a n c e s  f r o m  t h e i r  m i l l  s i t e s  ( B a t e m a n ,  1 9 5 5 ) .
I n  1959 t h e  F o r e s t r y  and T i m b e r  B u r e a u  e s t a b l i s h e d  
a r e s e a r c h  s t a t i o n  I n  D a r w i n ,  and t h i s  was f o l l o w e d  by t h e  
e s t a b l i s h m e n t  o f  a F o r e s t r y  B r a n c h  w i t h i n  t h e  N o r t h e r n  
T e r r i t o r y  ( N . T . )  A d m i n i s t r a t i o n  I n  1967« A f i v e  y e a r  f o r e s ­
t r y  p r og r amme was begun  I n  1970 w h i c h  I n c l u d e d  t h e  e s t a b l i s h ­
ment  o f  s a w m i l l s  a t  Snake Bay on M e l v i l l e  I s l a n d  and a t  
M a n l n g r l d a  and M u r g e n e l l a  I n  n o r t h e r n  Arnhem L a n d .
Sawn t i m b e r  p r o d u c t i o n  I n  t h e  N o r t h e r n  T e r r i t o r y
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has n o t  been  h i g h  I n  r e c e n t  y e a r s .  Ba teman  ( 1 9 5 5 )  e s t i m a t e d  
t h a t  t h e  t o t a l  o u t p u t  o f  a I 1 m i l l s  I n  1953 was a p p r o x  I mate 1y 
3500  c u b i c  m e t r e s  p e r  annum,  and more r e c e n t l y  t h e  o u t p u t  
f r o m  e x i s t i n g  m i l l s  f o r  t h e  p e r i o d  f r o m  J u l y  1971 t o  June  
197** t o t a l l e d  a p p r o x i m a t e l y  8000  c u b i c  m e t r e s .  H o w e ve r ,  
a l t h o u g h  s e v e r a l  w r i t e r s  hav e  commented  on t h e  s h o r t a g e  o f  
m i l l  l o g s  I n  N o r t h e r n  T e r r i t o r y  f o r e s t s  ( B a t e m a n ,  1 9 5 5 ;  
B a u e r ,  1 9 6 4 ;  S t o c k e r ,  1 9 7 2 ) ,  t h e  f o l l o w i n g  comment  f r o m  
S t o c k e r  I s  r e l e v a n t *
" D e s p i t e  t h e s e  l i m i t a t i o n s  t h e  e u c a l y p t  f o r e s t s  
c o n t a i n  a g r e a t  b u l k  o f  wood w h i c h  may some day  
s e r v e  as a s o u r c e  o f  raw m a t e r i a l  f o r  a w o o d - f i b r e  
I n d u s t r  y .  "
( I I I )  HISTORY OF FOREST INVENTORY 
( a )  E a r l y  I n v e s t i g a t i o n s
B a u e r  ( 1 9 6 4 )  r e f e r s  t o  "much  s e a r c h i n g "  f o r  a d d i t ­
i o n a l  c y p r e s s  p i n e  s t a n d s  a t  t h e  t u r n  o f  t h e  c e n t u r y ,  
f o l l o w i n g  t h e  g r o w i n g  s c a r c i t y  o f  t i m b e r .  Some p r e l i m i n a r y  
I n v e s t i g a t i o n s  o f  t h e  f o r e s t  r e s o u r c e  we re  c a r r i e d  o u t  I n  t h e  
e a r l y  1930s and d u r i n g  t h e  1 9 3 9 - 4 5  war  by M.R.  J a c o b s  ( p e r s .  
c o m m . ) .  The f i r s t  f o r m a l  I n v e n t o r y  s u r v e y  r e c o r d e d  was 
c a r r i e d  o u t  by  S h l l l l n g l a w  ( 1 9 4 4 )  f o r  t h e  A r m y .  He c o v e r e d  
an a r e a  f r o m  t h e  D a l y  R i v e r  t o  M e l v i l l e  I s l a n d  and e a s t  t o  
C o b o u r g  P e n i n s u l a ,  b u t  c o n c e n t r a t e d  mos t  o f  h i s  e f f o r t s  on 
swamp f o r e s t s  o f  p a p e r b a r k  ( Me 1 a 1e u c a  s p p . ) a r o u n d  t h e  l o w e r
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r e a c h e s  o f  t h e  R e y n o l d s ,  D a l y  and  F l n n l s s  R i v e r s .
B e tw e e n  1950 and 1953 an o f f i c e r  o f  t h e  F o r e s t r y  
and T i m b e r  B u r e a u  e x a m in e d  t h e  f o r e s t  r e s o u r c e s  o f  t h e  
N o r t h e r n  T e r r i t o r y  and w r o t e  a r e p o r t  ( B a t e m a n ,  195 5 )  on t h e  
r e s u l t s  o f  t h e  I n v e s t i g a t i o n .  He c o n f i n e d  h i s  a t t e n t i o n  t o  
s a w lo g  m a t e r i a l  and a s s e s s e d  a w i d e  r a n g e  o f  a r e a s  o f  
e u c a l y p t s ,  p a p e r b a r k  and c y p r e s s  p i n e  as c a r r y i n g  v o lu m e s  
f r o m  0 . 2  t o  1 .7  c u b i c  m e t r e s  p e r  h e c t a r e .
F o l l o w i n g  t h e  e s t a b l i s h m e n t  o f  t h e  F o r e s t r y  and 
T im b e r  B u r e a u  s t a t i o n  I n  1 9 5 9 ,  a number  o f  a r e a s  w e re  
I n v e s t i g a t e d  by  B u r e a u  s t a f f .  These  I n c l u d e d  an I n v e n t o r y  o f  
c y p r e s s  p i n e  n e a r  B o r r o l o o J a  I n  1962 and n e a r  D o r l s v a l e  I n  
1 9 6 ^ ,  f o l l o w e d  by  I n t e n s i v e  m a p p in g  and s a m p l i n g  o f  c y p r e s s  
p i n e  a r e a s  n e a r  M u r g e n e l l a  and M a n l n g r l d a  I n  n o r t h e r n  A rnhem 
Land  d u r i n g  1965 and  1966 .  A r e c o n n a i s s a n c e  o f  h a rd w o o d  
a r e a s  on t h e  Gove P e n i n s u l a  was a l s o  c a r r i e d  o u t .
( b )  R e c e n t  I n v e n t o r y
The m a j o r  h a rd w o o d  I n v e n t o r y  s u r v e y s  began a f t e r  
t h e  s e t t i n g  up o f  t h e  N . T .  F o r e s t r y  B r a n c h  I n  1967 .  Two 
a r e a s  on M e l v i l l e  and  B a t h u r s t  I s l a n d s  and  one a t  Gove w e re  
c o v e r e d  d u r i n g  1968 and 1969 .  Some c h a n g e s  w e re  made t o  d a t a  
r e c o r d i n g  p r o c e d u r e s  I n  1970 and  an a d d i t i o n a l  n i n e  a r e a s  
w e re  I n v e n t o r i e d  up t o  197^ .  D u r i n g  t h i s  p e r i o d  a i r  p h o t o  
I n t e r p r e t a t i o n  was a l s o  c a r r i e d  o u t  o v e r  o t h e r  a r e a s  p r e p a r ­
a t o r y  t o  f i e l d  I n v e n t o r y .
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F i g u r e  2 . 1  shows t h e  f o r e s t  I n v e n t o r y  a r ea s  r e l e ­
v a n t  t o  t h i s  s t u d y .  These a r e  a r e a s  c o v e r e d  be t ween  1967 and 
1972 where hardwood t r e e  volume t a b l e  d a t a  were a l s o  c o l l e c ­
t e d .
The I n v e n t o r i e s  were c a r r i e d  ou t  by a p r ocess  o f  
do u b l e  s a m p l i n g .  The f i r s t  phase c o n s i s t e d  o f  a random 
sample of  a i r  pho to  p l o t s  ( 0 . 2  h e c t a r e ,  c i r c u l a r )  which were  
I n t e r p r e t e d  I n  c l a s s e s  of  s t a n d  h e i g h t  and crown c l o s u r e ,  
t o g e t h e r  w i t h  a s o l l  d r a l nage c l a s s .  T h i s  method o f  s t r a t ­
i f y i n g  f o r  f o r e s t  I n v e n t o r y  has been d e s c r i b e d  and e v a l u a t e d  
by A l d r i c h  ( 1 9 5 3 ) ,  L o e t s c h  and H a l l e r  ( 1 9 6 4 )  and o t h e r s ,  and 
I s  commonly used I n  f o r e s t  s t a n d s  where f o r e s t  t y p e s  can n ot  
be e a s i l y  d e l i n e a t e d  by c o n v e n t i o n a l  mapping t e c h n i q u e s  
( S p u r r ,  1 9 5 2 ) .  The f o r e s t  t y p e  c l a s s e s  used I n  t h e  N o r t h e r n  
T e r r i t o r y  a r e  shown I n  T a b l e  2 . 1 .  These were  d e v e l o p e d  by 
L . J .  Be ens ,  a f o r m e r  o f f i c e r  o f  t h e  N . T .  F o r e s t r y  B r a n ch ,  
b e f o r e  t h e  p u b l i c a t i o n  of  S p e c h t ' s  ( 1 9 7 0 )  v e g e t a t i o n  c l a s s ­
i f i c a t i o n ,  and ,  I n  v i e w  o f  t h e i r  s i m i l a r i t y  t o  S p e c h t ' s  
c l a s s e s ,  were  c o n s i d e r e d  s u f f i c i e n t l y  c o m p a r a b l e  t o  be l e f t  
u n a l t e r e d  ( L . J .  Beens ,  p e r s .  comm. ) .
A f t e r  each f o r e s t  a r e a  had been s t r a t i f i e d  I n  t h i s  
way,  a s t r a t i f i e d  subsample  of  t h e  p h o t o  p l o t s  was s e l e c t e d  
as t he  second phase f o r  f i e l d  measurement .  Each p l o t  
s e l e c t e d  was t h e n  l o c a t e d  as a c c u r a t e l y  as p o s s i b l e  I n  t h e  
f i e l d  and d e t a i l s  o f  t r e e  s p e c i e s ,  d . b . h . ,  b o l e  l e n g t h ,  
m e r c h a n t a b i l i t y  and s t a n d  h e i g h t  were r e c o r d e d ,  t o g e t h e r  w i t h  
assessments  o f  o t h e r  s i t e  f a c t o r s .  T r e e  volume t a b l e  d a t a
2b
T a b l e  2 . 1
F o r e s t  t y p e  c l a s s e s  used f o r  p h o t o  p l o t  s t r a t  1 f 1 c a t l o n  o f  
N o r t h e r n  T e r r i t o r y  b r o a d l e a v e d  f o r e s t s  f o r  f o r e s t  I n v e n t o r y .
Crown C l o s u r e  C l a s s e s  
c ode  c l o s u r e
0 0%
1 0 - 5 %
2 5 -  15%
3 15 -  35%
b 35 -  65%
5 65 -  100%
( p l u s  a d d i t i o n a l  a l p h a b e t i c  c o d e s  f o r  c y p r e s s  
p i n e  w h i c h  a r e  n o t  r e l e v a n t  t o  t h i s  s t u d y )
S t a n d  H e i g h t  C l a s s e s
( I n d i c a t e d  by c o l u m n  p o s i t i o n  o f  c r o w n  c l o s u r e  c o d e )
c o l u m n  h e i g h t  c l a s s
pos  111 on ( b e f o r e 1970) ( f r o m 1970)
1 o v e r 25m o v e r 30m
2 10 - 25m 20 - 30m
3
b
u n d e r 10m 10 -  
u n d e r
20m 
10m











S o i l  D r a i n a g e  C l a s s e s  
d r a l nage
e x c e s s i v e l y  w e l l  d r a i n e d  ( f r e s h  w a t e r  a r e a )  
good d r a i nage ( f r e s h  w a t e r  a r e a )
I n f l u e n c e  o f  f r e s h  w a t e r  b u t  no f l o o d i n g  
f r e s h  w a t e r  f l o o d i n g  f o r  s h o r t  p e r i o d s  
f r e s h  w a t e r  f l o o d i n g  f o r  l o n g  p e r i o d s  
p e r m a n e n t  f r e s h  w a t e r  I n u n d a t i o n  
I n f l u e n c e  o f  s a l t  w a t e r  b u t  no f l o o d i n g  
s a l t  w a t e r  f l o o d i n g  f o r  s h o r t  p e r i o d s  
s a l t  w a t e r  f l o o d i n g  f o r  l o n g  p e r i o d s  
p e r m a n e n t  s a l t  w a t e r  I n u n d a t i o n
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were a l s o  c o l l e c t e d  i n  each a r e a  as d e s c r i b e d  I n  C h a p t e r  4 .
( i v )  FUTURE PROSPECTS
( a )  P o s s i b l e  F u t u r e  Commerc ia l  Deve l opment
I n  t h e  c o n t e x t  o f  t h i s  s t u d y ,  f u t u r e  dev e l opment  
must be c o n s i d e r e d  e x c l u s i v e  o f  t h e  c o n i f e r o u s  p l a n t i n g s  and 
p r o t e c t i o n  of  n a t i v e  c y p r e s s  p i n e  s t a n d s  p r e s e n t l y  b e i ng  
c a r r i e d  out  by t he  N . T .  F o r e s t r y  B r a n c h ,  and t a k e n  I n s t e a d  t o  
r e f e r  t o  t h e  p o s s i b l e  de v e l o pm en t  o f  n a t i v e  b r o a d l e a v e d  
f o r e s t s .  As ment ioned  e a r l i e r ,  sawl og  p r o d u c t i o n  f rom t h e s e  
f o r e s t s  I s  l i m i t e d ,  and t h e  f o r e s t  I n v e n t o r y  programme  
u n d e r t a k e n  I n  r e c e n t  y e a r s  was p r i m a r i l y  d e s i g n e d  f o r  e s t ­
i m a t i n g  pulpwood vo l umes .  S t o c k e r ' s  ( 1 9 7 2 )  comment qu o te d  
p r e v i o u s l y  ( pa ge  21 )  u n d e r l i n e s  t he  p o t e n t i a l  use o f  t h e  
hardwood f o r e s t s  as a ch lpwood r e s o u r c e ,  and F o r e s t r y  Branch  
p e r s o n n e l  have p r e p a r e d  a number o f  I n t e r n a l  r e p o r t s  on 
p o s s i b l e  a r e a s  f o r  chlpwood p r o j e c t s .
( b )  Proposed F u r t h e r  I n v e n t o r y  Work
F o l l o w i n g  t h e  p a r t i c i p a t i o n  o f  F o r e s t r y  Branch  
s t a f f  I n  a m u l t i d i s c i p l i n a r y  s t u d y  o f  t h e  A l l i g a t o r  R i v e r s  
r e g i o n  I n  1973 ,  t h e r e  was some e x p a n s i o n  o f  f o r e s t  I n v e n t o r y  
o b j e c t i v e s  t o  c o v e r  more g e n e r a l  l and  use p l a n n i n g ,  and work  
was p l a n n e d  o r  i n  p r o g r e s s  I n  s e v e r a l  new a r e a s  such as t he  
A d e l a i d e  R i v e r  c a t c h m e n t  and t h e  K i ng  R i v e r  a r e a .  These
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December 1974« No la rg e  s c a l e  f o r e s t  I n v e n t o r y  f i e l d  work 
was c a r r i e d  out du r ing  1975 and 1976, but I t  Is  expected  t h a t  
work w i l l  recommence In  the  near f u t u r e *
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CHAPTER 3 = THE APPLICATION OF TREE VOLUME TABLES 
TO NORTHERN TERRITORY FORESTS
The d i s c u s s i o n  I n  C h a p te r  1 d e m o n s t r a t e d  t h a t  t r e e  
vo lume t a b l e s  p r o v i d e  th e  most p r a c t i c a l  method o f  e s t i m a t i n g  
s t a n d  vo lume In  t r o p i c a l  f o r e s t s .  In  p a r t i c u l a r ,  t h e  use o f  
t w o - v a r I  ab 1e t r e e  vo lume t a b l e s  -  where t r e e  d ia m e t e r  and 
h e i g h t  a re  used t o  p r e d i c t  vo lum e -  o r  o n e - v a r i a b l e  t a b l e s  
based on d i a m e t e r ,  p l u s  h e i g h t - d i a m e t e r  r e l a t i o n s h i p s ,  ap pe a r  
t o  be t h e  most a p p r o p r i a t e .
( I )  APPLYING TREE VOLUME TABLES TO TROPICAL FORESTS
F o x w o r th y  (1 9 2 4 )  d e s c r i b e d  f o r e s t  I n v e n t o r y  I n  
t r o p i c a l  r a i n  f o r e s t  I n  Ma laya  u s in g  " . . .  s p e c i a l  vo lume 
t a b l e s  w h i c h  were p r e p a r e d  In  B r i t i s h  N o r t h  B o rn e o  and th e n  
a d a p te d  r o u g h l y  t o  c o n d i t i o n s  I n  th e  Ma lay  P e n i n s u l a . "  S in c e  
t h a t  t im e  t r e e  vo lume t a b l e s  have been p r e p a r e d  and used f o r  
many t r o p i c a l  f o r e s t  s t a n d s .  The same vo lume t a b l e s  r e f e r r e d  
t o  by F o x w o r t h y  were used d u r i n g  f o r e s t  I n v e n t o r y  I n  Sarawak 
I n  1930 ( B r u n l g ,  1 9 6 3 ) .  Many d i f f e r e n t  vo lume t a b l e s  were 
d e v e lo p e d  f o r  M a laya  o v e r  t h e  y e a rs  ( V i n c e n t  and S a n d ra s e g -  
a r a n ,  1 9 6 5 a ) ,  t h e  most r e c e n t  b e in g  a c o m p le te  s e t  o f  t a b l e s  
f o r  t h e  c o m m e r c i a l l y  more I m p o r t a n t  r a i n  f o r e s t  s p e c ie s  
( V i n c e n t  and S a n d r a s e g a r a n , 1 9 6 5 b ) ,  p l u s  a s s o r t e d  vo lume 
t a b l e s  f o r  I n d i v i d u a l  s p e c i e s ,  b o t h  n a t u r a l  and p l a n t e d  
( S a n d ra s e g a ra n  1966a, 1966b, 1967a, 1967b, 1969, 1972) .
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f o r e s t s  I n  many o t h e r  a r e a s ,  i n c l u d i n g  Papua New G u in e a  
( S h i e l d ,  1 9 6 5 ) ,  t h e  B r i t i s h  S o lo m o n  I s l a n d s  ( B e n g o u g h ,  1 9 6 6 ;  
Bengou gh  and  B u r n - M u r d o c h ,  1 9 6 7 ) ,  t h e  P h i l i p p i n e s  ( C h i n t e ,  
19 6 9 ,  1 9 7 1 ) ,  S u r i n a m  ( S i l v a  S a l a z a r ,  1 9 7 0 ) ,  R h o d e s i a  (B a n k s  
and B u r r o w s ,  1966)  and Uganda ( K i n g s t o n ,  1970 ,  1 9 7 1 ) .  T h i s  
w i d e  d e g r e e  o f  usage c o n f i r m s  t h e  c o n c l u s i o n s  r e a c h e d  i n  
C h a p t e r  1,  d e s p i t e  t h e  f a c t  t h a t  t r o p i c a l  f o r e s t  c o n d i t i o n s  
c a n  c r e a t e  p r o b l e m s  I n  t r e e  v o lu m e  t a b l e  a p p l i c a t i o n .
I n  t r o p i c a l  r a i n  f o r e s t  e v e n  t h e  m easu rem en t  o f  
t r e e  d i a m e t e r  can  be d i f f i c u l t  I f  t h e  t r e e s  have h i g h  
b u t t r e s s e s .  The m e a s u re m e n t  o f  t r e e  h e i g h t  o r  m e r c h a n t a b l e  
l o g  l e n g t h  c a n  a l s o  be d i f f i c u l t  when den se  u n d e r g r o w t h  
c a u s e s  v i s i b i l i t y  p r o b l e m s .  V a r i o u s  m e th ods  o f  m e a s u r i n g  
d i a m e t e r s  a b o v e  h i g h  b u t t r e s s e s  have  been  used  ( F I n l a y s o n  and 
A r c h e r ,  196A;  N i c h o l s o n ,  19 6 5 ;  D i x o n ,  1 9 7 3 ;  N a s h ,  1973a)  and 
s h o r t c u t  m e th o d s  have  been d e v e l o p e d  f o r  m e a s u r i n g  h e i g h t  
( H a i g ,  1 9 2 5 ;  M c A r d le  and Chapman,  19 2 7 ;  A r c h e r ,  1 9 7 2 ) ,  
N e v e r t h e l e s s ,  t h e  t a k i n g  o f  s u c h  m e a s u re m e n ts  I s  s t i l l  f a r  
f r o m  e a s y ,  and  o c u l a r  e s t i m a t e s  have  o f t e n  been used  -  
p a r t i c u l a r l y  f o r  h e i g h t s  -  t o  s p e e d  up f i e l d  w o r k .  H o w e v e r ,  
w o r k  I n  Papua New G u in e a  ( S h i e l d ,  1967 )  and u n p u b l i s h e d  w o rk  
by  t h e  a u t h o r  has shown t h a t  s u c h  e s t i m a t e s  c a n  s u f f e r  f r o m  
s e r i o u s  b i a s ,  e v e n  when s u p p l e m e n t e d  by  o c c a s i o n a l  m e a s u r e ­
m en ts  t o  c h e c k  t h e  e s t i m a t e s .
M e th o d s  o f  d e v e l o p i n g  l o c a l i s e d  h e i g h t - d i a m e t e r  
r e l a t i o n s h i p s  t o  c o n v e r t  a t w o - v a r i a b l e  v o lu m e  t a b l e  I n t o  one 
o r  more l o c a l  v o lu m e  t a b l e s  have been  d i s c u s s e d  i n  C h a p t e r  1.
29
V a r i o u s  s t a n d  h e i g h t  models were  t e s t e d  by Ker  and Smi th  
( 1 9 5 5 ,  1 9 5 7 ) ,  who p o i n t e d  out  t h a t  t h e  s t a n d  h e i g h t  c u r v e  
method I s  b e s t  s u i t e d  t o  s p e c i e s  o r  s t ands  where v a r i a t i o n s  
I n  t r e e  h e i g h t s  w i t h i n  d i a m e t e r  c l a s s e s  i s  l ow;  however t h e  
v a r i a t i o n  I n  m e r c h a n t a b l e  log l e n g t h  w i t h i n  a d i a m e t e r  c l a s s  
can be h i g h  f o r  t r o p i c a l  f o r e s t  s p e c i e s ,  as d a t a  f o r  t h i s  
s t u d y  c l e a r l y  d e m o n s t r a t e  ( s e e  s e c t i o n  ( I I I )  o f  t h i s  c h a p ­
t e r ) .
A n o t h e r  common p r ob l e m I n  t r o p i c a l  f o r e s t s  I s  t he  
heavy f l u t i n g  or  o t h e r  I r r e g u l a r i t i e s  o f  c r o s s  s e c t i o n  f ound  
I n  some r a i n  f o r e s t  t r e e s ,  even  above t h e  b u t t r e s s e s .  Work 
by S h i e l d  ( 1 9 6 5 )  f o r  Papua New G ui ne a  and F I n l a y s o n  and 
Tchanou ( 1 9 7 5 )  f o r  t h e  Cameroons has shown t h a t  r e p r e s e n t ­
a t i v e  d i a m e t e r  measurements can s t l 11 be t a k e n  I n  such c a s e s ,  
and ,  e ve n  when such I r r e g u l a r i t i e s  o cc ur  I n  t h e  sample t r e e s ,  
t h e y  may have o n l y  a minor  e f f e c t  on t he  o v e r a l l  volume  
e s t i m a t e  ( A r c h e r ,  u n p u b l i s h e d ) .
( I I )  SOME FACTORS AFFECTING APPLI CABI LI TY
I n  a d d i t i o n  t o  any d i f f i c u l t i e s  w h i ch  may occ ur  I n  
me as u r i ng  t h e  p h y s i c a l  d i m e ns i o ns  o f  t r o p i c a l  f o r e s t  t r e e s ,  
t h e r e  a r e  a number o f  o t h e r  f a c t o r s  wh i ch  can a f f e c t  t h e  
a p p l i c a b i l i t y  of  t r e e  volume t a b l e s  t o  t h e  e s t i m a t i o n  o f  
s t a n d  volumes I n  t r o p i c a l  f o r e s t s .  Some o f  t h e s e  a r e
d i s c u s s e d  below
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( a )  R e p r e s e n t a t i v e n e s s  o f  t h e  Samp l e
Even  t h e  s i m p l e s t  f o r e s t  I n v e n t o r y  w h i c h  uses t r e e  
v o l u m e  t a b l e s  I s  a f o r m  o f  d o u b l e  s a m p l i n g ,  w i t h  t h e  s a m p le  
t r e e s  s e l e c t e d  f o r  v o l u m e  t a b l e  c o m p i l a t i o n  r e p r e s e n t i n g  t h e  
s e c o n d  pha se  o f  t h e  s a m p l i n g  p r o c e d u r e .  F o r  t h i s  r e a s o n ,  t h e  
same d e g r e e  o f  c a r e  s h o u l d  be t a k e n  t o  e n s u r e  a r e p r e s e n t ­
a t i v e  and s t a t i s t i c a l l y  s o u n d  s a m p l e  f o r  t h e  v o l u m e  t a b l e s  as 
f o r  t h e  f i r s t  phase  o f  s e l e c t i n g  t h e  I n v e n t o r y  s a m p l i n g  
u n i t s .
Many r e p o r t s  o f  t r e e  v o l u m e  t a b l e  p r o j e c t s  g i v e  
l i t t l e  o r  no  d e t a i l  o f  t h e  way I n  w h i c h  t h e  s a m p l e s  we re  
c o l l e c t e d .  O t h e r s  d e s c r i b e  t h e  d a t a  used as " r e p r e s e n t a t  I v e  
t r e e s  o f  t h e  c r o p ”  ( M a l i k  e t  a j • ,  1 9 6 7 ) ,  o r  " f r o m  as w i d e  a 
v a r i e t y  o f  s i t e s  as p o s s i b l e "  ( U n w i n  and B o w l i n g ,  1 9 5 1 ) .  I n  
some c a s e s  s a m p l e  t r e e  m e a s u r e m e n t s  have been  t a k e n  w h i c h  may 
n o t  be r e p r e s e n t a t i v e  o f  t h e  p o p u l a t i o n  t o  w h i c h  t h e y  a r e  
l a t e r  a p p l i e d ;  f o r  e x a m p l e ,  d u r i n g  c o m m e r c i a l  f e l l i n g  o p e r ­
a t i o n s  ( B e e r s  and G i n g r i c h ,  1 9 5 8 ) ,  f r o m  w l n d t h r o w  a r e a s  
( M e y e r ,  1944 )  and  I n  s a w m i l l s  ( Y o u n g ,  1 9 5 5 ) .  T h i n n i n g s  have 
a l s o  been  used  t o  p r o d u c e  g e n e r a l  v o l u me  t a b l e s  f o r  w h o l e  
p l a n t a t i o n  c r o p s  ( S a n d r a s e g a r a n , 1969 ,  1 9 7 0 ) .
B engou gh  ( 1 9 6 5 ,  1966)  and B engou gh  and  B u r n - M u r d o c h  
( 1 9 6 7 )  d e s c r i b e  t h e  c h o i c e  o f  s a m p l e s  I n  r a i n  f o r e s t  I n  t h e  
B r i t i s h  So l om on  I s l a n d s  as I n c l u d i n g  a g i v e n  r a n g e  o f  
d i a m e t e r s ,  b u t  o t h e r w i s e  a r b i t r a r y ,  w i t h  no d e l i b e r a t e  r e j e c ­
t i o n  o f  d e f e c t i v e  t r e e s .  H o ne r ( 1 9 6 5 )  r e f e r s  t o  d a t a  
c o l l e c t i o n  f r o m  " a  v a r i e t y  o f  s i t e s ,  ages  and c o v e r  t y p e s " ,
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and s t a t e s *  " I n  g e n e r a l ,  t h e y  r e p r e s e n t  t h e  r a n g e  o f  s i z e  
c l a s s e s  a t t a i n e d  by t h e  s p e c i e s  t h a t  we re  a c c e s s i b l e  t o  t h e  
s a m p l e r s , "  And N a s h ' s  ( 1 9 7 3 b )  a c c o u n t  o f  an i n v e n t o r y  o f  
t r o p i c a l  r a i n  f o r e s t  i n  S u r i n a m  d e s c r i b e s  " . . • m e a s u r e m e n t s  on 
t h e  m a j o r  s p e c i e s  f r o m  f e l l e d  t r e e s  I n  as many d i a m e t e r  
c l a s s e s  as p o s s i b l e . "
O t h e r  w o r k e r s  have  d e s c r i b e d  somewhat  more f o r m a l  
s a m p l i n g  p r e s c r i p t i o n s .  B u r l e y  e t  a j . ( 1 9 7 2 )  d u r i n g  a n a t ­
i o n a l  f o r e s t  I n v e n t o r y  o f  Cuba m e a s u r e d  a p p r o x i m a t e l y  20 
s a m p l e  t r e e s  I n  e a c h  2 cm d i a m e t e r  c l a s s  w i t h i n  e ac h  m a j o r  
g e o g r a p h i c  s t r a t u m .  T u r n e r  ( 1 9 7 2 )  used d a t a  f r o m  P e n n s y l ­
v a n i a  c o l l e c t e d  u n d e r  a s a m p l i n g  scheme w h i c h  c o l l e c t e d  e ac h  
c o m m e r c i a l  s p e c i e s  " . . . I n  d i r e c t  p r o p o r t i o n  t o  I t s  r e l a t i v e  
o c c u r r e n c e *  ( l )  I n  e a c h  s e c t i o n  o f  t h e  [ S t a t e ] ,  ( I I )  on e a c h  
g r o w i n g  s i t e ,  and ( I I I )  I n  e a c h  t i m b e r  t y p e  I n  w h i c h  I t  
o c c u r r e d " ,  w i t h  e q u a l l y  r e p r e s e n t e d  d i a m e t e r  c l a s s e s  o v e r  t h e  
n o r m a l  d i a m e t e r  r a n g e  o f  e a c h  s p e c i e s .
The need f o r  r e p r e s e n t a t i v e  and o b j e c t i v e  s a m p l i n g  
may be a c k n o w l e d g e d ,  b u t  s a m p l i n g  schemes  may be m o d i f i e d  
b e c a u s e  o f  p r a c t i c a l  c o n s i d e r a t i o n s .  F o r  e x a m p l e ,  G e r r a r d  
( 1 9 6 6 )  s t a t e s *
" I d e a l l y ,  t h e  l o c a t i o n  o f  p l o t s  s h o u l d  be based  
upon a r andom s a m p l i n g  scheme s o  t h a t  s a m p l i n g  
e r r o r s  w i l l  be e q u a l l y  d i s t r i b u t e d  a b o u t  z e r o .  I n  
p r a c t i c e ,  I f  e f f o r t s  a r e  made t o  s a m p l e  a d i v e r s i t y  
o f  c o n d i t i o n s  r o u g h l y  I n  p r o p o r t i o n  t o  t h e  f r e ­
q u e n c y  w i t h  w h i c h  s u c h  c o n d i t i o n s  o c c u r  t h e  r e s u l t ­
i n g  d a t a  may be c o n s i d e r e d  r e a s o n a b l y  f r e e  o f  
b l a s .  "
And H I n d l e y  ( 1 9 7 3 )  d e s c r i b e s  t h e  m e a s u r e m e n t  o f  s a m p l e  t r e e s
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I n  r a i n  f o r e s t  I n  S a r a w a k ,  w h e re  " . . . t h e  r u g g e d n e s s  o f  t h e  
t e r r a i n  made f e l l i n g  and  b u c k i n g  e x t r e m e l y  h a z a r d o u s ,  and due 
t o  t h e  r e m o t e n e s s  o f  t h e  s u r v e y  a r e a s ,  s a f e t y  o f  t h e  f i e l d  
c r e w s  had t o  o v e r r i d e  a l l  o t h e r  t e c h n i c a l  c o n s i d e r a t i o n s ,  and 
c r e w s  w e r e  I n s t r u c t e d  n o t  t o  a t t e m p t  t o  f e l l  and buck  t r e e s  
w h i c h  m i g h t  be d a n g e r o u s  t o  h a n d l e . "
More o b j e c t i v e  s a m p l i n g  has been used  I n  some 
c a s e s .  S a n d r a s e g a r a n  ( 1 9 7 2 )  c o m p i l e d  t r e e  v o l ume  t a b l e s  
u s i n g  s a m p l e s  c o l l e c t e d  f r o m  r a n d o m i s e d  b l o c k  e x p e r i m e n t s  f o r  
M a l a y a n  m a n g r o v e s ,  and  Wong ( 1 9 6 6 )  used  s a m p l e s  f r o m  r andom 
1 a c r e  ( 0 . 4  ha )  p l o t s  I n  M a l a y a n  r a i n  f o r e s t .
Cases  w h e r e  v o l u m e  t a b l e s  have been c o m p i l e d  f r o m  
t r u l y  r a n d o m ,  u n b i a s e d  s a m p l e s  o f  t h e  p o p u l a t i o n  c o v e r e d  by 
an a s s o c i a t e d  f o r e s t  I n v e n t o r y  do  n o t  seem t o  have been 
c ommo n l y  r e p o r t e d  I n  t h e  l i t e r a t u r e ,  a l t h o u g h  t h e  r e q u i r e m e n t  
I s  r e c o g n i s e d .  F o r  e x a m p l e ,  FAO' s  ( 1 9 7 3 )  "Manua l  o f  F o r e s t  
I n v e n t o r y "  s t a t e s  t h a t *  " G e o g r a p h i c  d i s t r i b u t i o n  o f  t h e  p l o t s  
f o r  w h i c h  t h e  s a m p l e  t r e e s  a r e  s e l e c t e d  s h o u l d  p r e f e r a b l y  be 
bas ed  on an o b j e c t i v e  s a m p l i n g  d e s i g n  e i t h e r  a t  random o r  
s y s t e m a t i c ,  o r  on  a s t r a t i f i e d  r an do m  o r  s t r a t i f i e d  s y s t e m ­
a t i c  d e s i g n " ;  h o w e v e r  t h e  manua l  a c k n o w l e d g e s  t h a t  s a m p l e s  
a r e  o f t e n  t a k e n  f r o m  l a r g e  c o n c e n t r a t e d  a r e a s  o r  f r o m  
a t y p i c a l  l o c a t i o n s  f o r  l o g i s t i c  o r  e c o n o m i c  r e a s o n s .
( b )  V a r i a t i o n  B e tw e e n  S p e c i e s
T r o p i c a l  f o r e s t s  o f t e n  I n c l u d e  . l a r g e  numbers  o f
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d i f f e r e n t  t r e e  s p e c i e s .  As Havel  ( 1 9 6 5 )  has o b s e r v e d ,  t he  
t r o p i c a l  r a i n  f o r e s t  I s  t he  b o t a n l s t ^ s  dream but  t h e  f o r e s ­
t e r ^  n i g h t m a r es  a s i m p l e  p l o t  e n u m e r a t i o n  becomes a maj or  
t a xo n o m i c  e x e r c i s e ,  and y e t  volume assessment  w i t h o u t  s p e c i e s  
I d e n t i f i c a t i o n  g i v e s  no I n d i c a t i o n  o f  t h e  l i k e l y  h a r v e s t .
B o wl i n g  ( 1 9 5 1 )  c o m p i l e d  a volume t a b l e  f o r  e u c a l y p t  
r e g r o w t h  I n  Tasmania  f rom a l l  a v a i l a b l e  d a t a ,  I r r e s p e c t i v e  o f  
s p e c i e s .  T es t s  of  d i f f e r e n t  s p e c i e s  g r o u p in gs  showed v e r y  
l i t t l e  v a r i a t i o n  between s p e c i e s ,  l o c a l i t i e s ,  s i t e  q u a l i t i e s  
or  crown c l a s s  g r o u p s .  S p u r r  ( 1 9 5 2 )  a l s o  produced c o mp o s i t e  
volume t a b l e s  f o r  N o r t h  A m er i c an  s p e c i e s ,  but  found t h a t  
p e r c e n t a g e  c o r r e c t i o n s  were n e c e s s a r y  I n  some cases f o r  
I n d i v i d u a l  s p e c i e s .  G e v o r k l a n t z  and Olsen ( 1 9 5 5 )  pr oduced  
s i m i l a r  t a b l e s  f o r  t i m b e r  s p e c i e s  I n  t h e  Lake S t a t e s ,  and 
s u g g e s t e d  t h e  use o f  p e r c e n t a g e  c o r r e c t i o n s  f o r  I n d i v i d u a l  
s p e c i e s  where n e c e s s a r y ,  w h i l e  Lea and Ny land  ( 1 9 6 9 )  d e v e l ­
oped a c o m p o s i t e  t a b l e  f o r  t e n  hardwood s p e c i e s  I n  New York  
S t a t e  wh ich  a d e q u a t e l y  f i t t e d  a l l  e x c e p t  two s p e c i e s .  A 
c om pa r ab le  s t a t i s t i c a l  a p p r o a c h  e q u i v a l e n t  t o  t he  use o f  
c o r r e c t i o n  f a c t o r s  w i t h  a c o m p o s i t e  t a b l e  has been d e v e l o p e d  
by B e l a n g e r  and C l e r o u x  ( 1 9 7 3 ) .  However ,  G o l d i n g  and H a l l  
( 1 9 6 1 )  were u n s u c c e s s f u l  I n  a t t e m p t s  t o  produce a c o mp o s i t e  
t a b l e  f o r  t h r e e  Ca n ad i an  s p e c i e s ,  f i n d i n g  s i m p l e  c o r r e c t i o n  
f a c t o r s  unsat  I s f a c t o r y .
R e l a t i v e l y  l i t t l e  work has been done on d i f f e r e n c e s  
between s p e c i e s  f o r  t r o p i c a l  f o r e s t s .  S h i e l d  ( 1 9 6 5 )  p roduced  
a c o mp o s i t e  volume t a b l e  f o r  Papua New Guinea  r a i n  f o r e s t
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s p e c i e s ,  b a s e d  on a s a m p l e  o f  461 t r e e s  f r o m  a number  o f  
l o c a l i t i e s ,  b u t  p o o l e d  t h e  d a t a  more  o u t  o f  e x p e d i e n c y  t h a n  
f r o m  a d e t a i l e d  k n o w l e d g e  o f  t h e  I m p o r t a n c e  o f  d i f f e r e n c e s  
b e t w e n  s p e c i e s *  Wong ( 1 9 6 6 )  a l s o  c o m b i n e d  a l l  s p e c i e s  In  
e a c h  o f  s e v e r a l  f e l l e d  p l o t s  I n  M a l a y a n  r a i n  f o r e s t  In  o r d e r  
t o  e s t i m a t e  t o t a l  v o l u m e  ( b o l e  p l u s  b r a n c h v o o d )  f r o m  d i a m e t e r  
a l o n e ,  b u t  d o u b t e d  t h a t  s i c h  an  a p p r o a c h  w ou l d  be s u i t a b l e  
f o r  m e r c h a n t a b l e  l og  v o lu me  b e c a u s e  o f  I n t e r - s p e c i e s  d i f f e r ­
e n c e s .  I n  t h e  B r i t i s h  So l omon  I s l a n d s ,  B e n g o u gh  ( 1 9 6 5 ,  1966)  
a nd  B e n g o u g h  a n d  B u r n - M u r d o c h  ( 1 9 6 7 )  c o m p i l e d  s e p a r a t e  l o c a l  
o r  o n e - v a r i a b l e  v o l u m e  t a b l e s  f o r  I n d i v i d u a l  s p e c i e s  o f  
e c o n o m i c  i m p o r t a n c e ,  b u t  t h e s e  c o v e r e d  o n l y  a s m a l l  f r a c t i o n  
o f  t h e  t o t a l  number  o f  s p e c i e s  p r e s e n t .
Hegyl  ( 1 9 6 5 )  m e a s u r e d  1425 r a i n  f o r e s t  t r e e s  I n  
B r i t i s h  G u i a n a  a nd  a v o i d e d  t h e  s p e c i e s  p r o b l e m  by g r o u p i n g  
t h e  t r e e s  -  I r r e s p e c t i v e  o f  s p e c i e s  -  I n t o  t a p e r  I n d e x  
c l a s s e s ,  b a s e d  on t h e  d i f f e r e n c e  b e t w e e n  d i a m e t e r s  m e a s u r e d  
a t  b r e a s t  h e i g h t  o r  a b o v e  b u t t r e s s  a n d  a t  15 f e e t  ( 4 . 6 m )  
h i g h e r  u p .  Hegyl  p r o p o s e d  t h a t  t a p e r  I n d e x  c l a s s e s  be 
d e t e r m i n e d  I n i t i a l l y  w i t h i n  a f o r e s t  d i s t r i c t  ” . . .  f o r  e a c h  
c o m b i n a t i o n  o f  d l a m e t e r / h e l g h t  c l a s s e s  p e r  s p e c i e s " ,  and  
c h e c k e d  by o n l y  s m a l l  s u b s e q u e n t  s a m p l e s  f o r  a d d i t i o n a l  
I n v e n t o r i e s .  However  he a l s o  n o t e d  t h a t  up t o  200 s p e c i e s  
c o u l d  o c c u r  w i t h i n  a n  a r e a  a s  s m a l l  a s  80 h a ,  w h i c h  w o u l d  
n e c e s s i t a t e  a v e r y  l a r g e  number  o f  m e a s u r e m e n t s  t o  c o v e r  e a c h  
d i a m e t e r / h e I g h t / s p e c l e s  c o m b i n a t i o n ,  e v e n  a s s u m i n g  t h a t  t a p e r  
I n d e x  was I n  f a c t  s t r o n g l y  c o r r e l a t e d  w i t h  s p e c i e s .  In 
a d d i t i o n ,  b o t h  S p u r r  ( 1 9 5 2 )  and  C a r r o n  ( 1 9 6 8 )  s t a t e  t h a t  I t
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I s  d i f f i c u l t  t o  Improve  t h e  p r e c i s i o n  of  e s t i m a t e  f o r  a 
f o r e s t  s t a n d  by m e r e l y  assuming a v e r a g e  t a p e r  v a l u e s  o b t a i n e d  
by samp l i n g .
As no t ed  by FAO ( 1 9 7 3 ) ,  I t  I s  o f t e n  not  p r a c t i c a l  
t o  produce s e p a r a t e  volume t a b l e s  f o r  each d i f f e r e n t  s p e c i e s  
d u r i n g  I n v e n t o r i e s  of  mixed t r o p i c a l  hardwoods ,  because of  
t h e  l a r g e  numbers o f  s p e c i e s  p r e s e n t .  G r o up i n g  o f  s i m i l a r  
s p e c i e s  t o  produce  some form o f  c o m p o s i t e  volume t a b l e s  I s  
one p r a c t i c a l  a l t e r n a t i v e .  Hahn ( 1 9 7 3 ,  1975)  grouped  t e m p e r ­
a t e  f o r e s t  s p e c i e s  f o r  t h e  A mer i can  S t a t e s  of  W i s c o n s i n  and 
M i s s o u r i  on t h e  b a s i s  o f  s i m i l a r i t y  I n  b o l e  f o r m ,  and B a r n a r d  
e t  a j .  ( 1 9 7 3 )  d e s c r i b e  volume t a b l e s  f o r  t h e  n o r t h e a s t e r n  
U n i t e d  S t a t e s  where t r e e s  were  gr ouped by " b u t t  c l a s s "  ( b ased  
on t he  r a t i o  between stump d i a m e t e r  and b r e a s t  h e i g h t  
d i a m e t e r )  and a v e r a g e  G i r a r d  f or m c l a s s .  Work i n  t r o p i c a l  
f o r e s t s  was c a r r i e d  ou t  by V i n c e n t  and S a n d r a s e g a r a n  ( 1 9 6 5 b ) ,  
who pr oduced  13 d i f f e r e n t  volume t a b l e s  f o r  38 d i f f e r e n t  
s p e c i e s  or  groups o f  s p e c i e s  f rom Malayan r a i n  f o r e s t s .  
T h e i r  g r o u p i n g s  were on t h e  b a s i s  o f  abundanc e ,  t e n d e n c y  t o  
grow I n  r e a s o n a b l y  pure  s t a n d s ,  and economic v a l u e .
Work on a somewhat more s y s t e m a t i c  g r o u p i n g  of  
s p e c i e s  I n  t r o p i c a l  f o r e s t s  I s  d i s c u s s e d  by Nash ( 1 9 7 3 b ) ,  who 
produced t a p e r  f a c t o r s  and t a p e r  r e g r e s s i o n s  f o r  20 s p e c i e s  
f rom r a i n  f o r e s t s  I n  S u r i n a m ;  t h e s e  were t e s t e d  t o  see I f  
d a t a  f o r  I n d i v i d u a l  s p e c i e s  c o u l d  be combined and new 
r e l a t i o n s h i p s  r e co mp u te d ,  bu t  no d e t a i l s  a r e  g i v e n  on t h e  
f i n a l  g r o u p i n g s  a c h i e v e d .  H I n d l e y  ( 1 9 7 3 )  measured 5010
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sample t r e e s  In  Sa ra wak ,  b u t  o n l y  one s p e c i e s  was s u f f i c ­
i e n t l y  w e l l  r e p r e s e n t e d  t o  produce  a s e p a r a t e  volume t a b l e .  
The r e m a i n i n g  s p e c i e s  were I n i t i a l l y  d i v i d e d  I n t o  18 groups  
based on s i m i l a r i t y  o f  wood p r o p e r t i e s ,  a v e r a g e  c u l l  f a c t o r s ,  
a v e r a g e  d i a m e t e r  and g e o g r a p h i c  d i s t r i b u t i o n .  These were  
l a t e r  combined I n t o  l a r g e r  g r o u p i n g s  a f t e r  v i s u a l  compar i sons  
o f  p l o t t e d  d a t a  and volume r e g r e s s i o n s .
( c )  V a r i a t i o n  Between L o c a l i t i e s
As w e l l  as d i f f e r e n c e s  between s p e c i e s ,  d i f f e r e n c e s  
between l o c a l i t i e s  can a l s o  be I m p o r t a n t  w i t h i n  I n d i v i d u a l  
s p e c i e s .  V i n c e n t  and S a n d r a s e g a r a n  ( 1 9 6 5 b )  examined t h e i r  
Malayan  volume t a b l e s  f o r  b i a s ,  us i ng  a breakdown o f  t h e  d a t a  
by S t a t e s  and maj or  f o r e s t  r e s e r v e s ,  and f ound a g g r e g a t e  
d e v i a t i o n s  of  up t o  70%; however  t h e  l a r g e r  d i f f e r e n c e s  may 
have been a t  l e a s t  p a r t l y  due t o  t h e  chance  v a r i a t i o n  of  
smal l  s a mp l e s .  Wong ( 1 9 6 6 )  f ound  no s i g n i f i c a n t  d i f f e r e n c e s  
between l o c a l  ( o n e - v a r I a b l e ) volume t a b l e s  f o r  each o f  t h r e e  
randoml y  l o c a t e d  p l o t s  I n  Ma l ayan  r a i n  f o r e s t  b u t ,  as 
ment io ned  e a r l i e r ,  was e s t i m a t i n g  t o t a l  r a t h e r  t h a n  merchan­
t a b l e  vo l ume.  B o w l i n g ' s  ( 1 9 5 1 )  f i n d i n g  o f  l i t t l e  d i f f e r e n c e  
due t o  l o c a l i t y  I n  Tasmanian e u c a l y p t  r e g r o w t h  has been no t ed  
e a r l i e r .  Work I n  t e m p e r a t e  f o r e s t s  by B a r n a r d  e t  a j . ( 1 9 7 3 )  
I n v o l v e d  t e s t i n g  f o r  d i f f e r e n c e s  I n  G i r a r d  f o rm  c 1 ass meas­
urements w i t h i n  s p e c i e s  due t o  l o c a t i o n  t h r o u g h o u t  f i v e  
s t a t e s  I n  t h e  USAs no s i g n i f i c a n t  d i f f e r e n c e s  were f o u nd .
i Inm ih ] I c h f*r\ rpcnl fc f r r»m P^nii^ Mf>u H 111 np.i c hnwprl
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a g g r e g a t e  d i f f e r e n c e s  o f  14% b e t w e e n  two  l o c a l i t i e s  f o r  r a i n  
f o r e s t  t r e e s  l e s s  t h a n  50 cm I n  d i a m e t e r ,  and  13% b e t w e e n  two 
o t h e r  l o c a l i t i e s  f o r  l a r g e r  t r e e s ,  b u t  b o t h  c o m p a r i s o n s  w e r e  
b a s e d  on . l i m i t e d  d a t a .  Volume t a b l e s  p r o d u c e d  f o r  t h e  
B r i t i s h  S o l o m o n s  by Be ng o u g h  ( 1 9 6 5 ,  1966)  a n d  Be ng o u g h  and  
B u r n - M u r d o c h  ( 1 9 6 7 )  w e r e  e a c h  f o r  I n d i v i d u a l  s p e c i e s  f r o m  
l i m i t e d  l o c a l i t i e s ,  a n d  u s e r s  w e r e  w a r n e d  t h a t  t h e  t a b l e s  
w e re  n o t  n e c e s s a r i l y  a p p l i c a b l e  t o  o t h e r  a r e a s .  The a u t h o r s  
d e s c r i b e  a me thod  t o  " t e s t  a nd  r e l o c a l I z e "  t h e  t a b l e s  " t o  
s u i t  a  new a r e a " .  Husch  e t  a j . ( 1 9 7 2 )  a l s o  s u g g e s t  a m e t h o d  
o f  c h e c k i n g  t h e  a p p l I c a b l 1 I t y  o f  vo l ume  t a b l e s ,  and F r e e s e  
( I 9 6 0 ,  1964)  g i v e s  d e t a i l s  o f  two  d i f f e r e n t  s t a t i s t i c a l  t e s t s  
f o r  t h e  s i g n i f i c a n c e  o f  a n y  d i f f e r e n c e s  f o u n d .  T h e se  and  
o t h e r  m e t h o d s  a r e  d i s c u s s e d  I n  C h a p t e r  7«
( I I I )  APPLICATION TO THE NORTHERN TERRITORY
I n  C h a p t e r  2 I t  was c o n c l u d e d  t h a t  e i t h e r  o n e -  
v a r l a b l e  v o l u m e  t a b l e s  w i t h  a s s o c i a t e d  s t a n d  h e i g h t  c u r v e s  o r  
t w o - v a r i a b l e  t a b l e s  w e r e  t h e  mos t  a p p r o p r i a t e  m e t h o d s  o f  
e s t i m a t i n g  s t a n d  v o l u m e s  I n  t r o p i c a l  f o r e s t s .  V i s i b i l i t y  
p r o b l e m s  I n  t r o p i c a l  r a i n  f o r e s t  w i t h  a d e n s e  u n d e r s t o r e y  o f  
s m a l l  t r e e s  u s u a l l y  make t r e e  he I g h t  m e a s u r e m e n t s  d i f f i c u l t  
a nd  t i m e - c o n s u m i n g ,  w h i c h  f a v o u r s  t h e  use  o f  s t a n d  h e i g h t  
c u r v e s  f i t t e d  t o  a s u b s a m p l e  o f  h e i g h t  m e a s u r e m e n t s ,  t o g e t h e r  
w i t h  l o c a l  o r  o n e - v a r l a b l e  v o l u m e  t a b l e s .  H ow ev e r ,  t h e  t a l l  
o p e n  f o r e s t  w h i c h  I s  t h e  d o m i n a n t  c o m m e r c i a l  f o r e s t  t y p e  I n  
t h e  N o r t h e r n  T e r r i t o r y  I s  g e n e r a l l y  on f l a t  t e r r a i n  and  w i t h
36
l i t t l e  u n d e r s t o r e y ,  and  t h i s  a l l o w s  h e i g h t  m e a s u r e m e n t s  t o  be 
t a k e n  q u i c k l y  and  e a s i l y .  T h e r e f o r e  t h e  t i m e  t a k e n  t o  
m e a s u r e  m e r c h a n t a b l e  l e n g t h s  f o r  a l l  t r e e s  I n  t h e  s a m p l e  I s  
q u i t e  s m a l l ,  a n d  I s  e a s i l y  j u s t i f i e d  by t h e  I mp r o v e me n t  I n  
p r e c i s i o n  o b t a i n e d  w i t h  a t w o - v a r i a b l e  v o l u me  t a b l e .  T h i s  
I mp r o v e me n t  I s  l a r g e ,  a s  c a n  be  s e e n  f r o m t h e  wi d e  r a n g e  o f  
m e r c h a n t a b l e  l e n g h t s  o c c u r r i n g  w i t h i n  d i a m e t e r  c l a s s e s  f o r  
t h e  N o r t h e r n  T e r r i t o r y  d a t a  ( s e e  s t a n d  t a b l e s  I n  A p p e n d i x  2 ) ,  
w h i c h  a d d s  a s u b s t a n t i a l  e r r o r  c o m p o n e n t  t o  e s t i m a t e d  v o l u me s  
when a v e r a g e s  a r e  u s e d  I n  p l a c e  o f  a c t u a l  h e i g h t s .  As
d i s c u s s e d  e a r l i e r  ( p a g e  2 9 ) ,  t h e  u s e  o f  s t a n d  h e i g h t  c u r v e s
I s  mos t  s u c c e s s f u l  when t h e r e  I s  a ml numum o f  v a r i a t i o n  I n
h e i g h t  w i t h i n  d i a m e t e r  c l a s s e s .
T r e e s  I n  t h e  t a l l  o p e n  f o r e s t  o f  t h e  N o r t h e r n
T e r r i t o r y  a r e  I n  g e n e r a l  n o t  s t r o n g l y  b u t t r e s s e d  o r  f l u t e d  a s  
a r e  many t r e e s  I n  t r o p i c a l  r a i n  f o r e s t s  ( I n c l u d i n g  t h e  
l i m i t e d  a r e a s  o f  N . T .  mons oon  f o r e s t ) .  The d i f f i c u l t i e s  
d i s c u s s e d  e a r l i e r  I n  o b t a i n i n g  r e p r e s e n t a t i v e  d i a m e t e r  me a s ­
u r e m e n t s  I n  r a i n  f o r e s t s  t h e r e f o r e  d o  n o t  u s u a l l y  o c c u r ,  a nd  
h e i g h t  m e a s u r e m e n t s  a r e  a l s o  e a s i l y  o b t a i n e d ,  a s  n o t e d  a b o v e .  
P r o b l e m s  o f  s p e c i e s  I d e n t i f i c a t i o n  a r e  a l s o  c o n s i d e r a b l y  
s i m p l i f i e d  by t h e  . l i m i t e d  numbe r  o f  l a r g e  t r e e  s p e c i e s  
o c c u r r i n g  I n  t h e  d o m i n a n t  f o r e s t  t y p e .
R e p r e s e n t a t i v e n e s s  o f  t h e  d a t a  c o l l e c t e d  f r o m t h e  
N o r t h e r n  T e r r i t o r y  f o r e s t  a r e a s  I s  d i s c u s s e d  I n  C h a p t e r  4 ,  
and  t h e  p r o b l e m s  o f  l i m i t s  t o  t h e  d a t a  a n d  e x t r a p o 1 a t l o n  a r e  
d e a l t  w i t h  I n  C h a p t e r  9 .  The r e m a i n i n g  p r o b l e m s  o f  v a r l a -
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t l o n s  between s p e c i e s  and l o c a l i t i e s  a r e  d i s c u s s e d  I n  C h a p t e r  
7* The s t u d y  I n  I t s  e n t i r e t y  a t t e m p t s  t o  d e m o n s t r a t e  t h a t ,  
g i v e n  t h e  c o n d i t i o n s  f ound I n  N o r t h e r n  T e r r i t o r y  t r o p i c a l  
f o r e s t s ,  t r e e  volume t a b l e s  can be used t o  e f f i c i e n t l y  
e s t i m a t e  s t a n d  volume*
PART I I  : THE STUDY
I I A .  DATA
CHAPTER 4 : DATA COLLECTION
The me thods  used I n  d a t a  c o l l e c t i o n  f o r  v o l u me  
t a b l e s  d e t e r m i n e  t h e  e x t e n t  t o  w h i c h  t h e  t a b l e s  may be 
v a l i d l y  a p p l i e d  d u r i n g  f o r e s t  I n v e n t o r y .  T h i s  p o i n t  has been 
d i s c u s s e d  i n  C h a p t e r  3 I n  t h e  s e c t i o n  c o v e r i n g  r e p r e s e n t ­
a t i v e n e s s  o f  t h e  s a m p l e ,  and  I t s  i m p o r t a n c e  I s  f u r t h e r  
e m p h a s i s e d  by  t h e  f o l l o w i n g  comment  f r o m  G r o s e n b a u g h  ( 1 9 6 3 )  
on t h e  a p p l i c a t i o n  o f  v o l u m e  t a b l e s  I n  t h e  U n i t e d  S t a t e s •
" U n f o r t u n a t e l y  many v o l u m e  t a b l e s  we re  c o n s t r u c t e d  
by  . . . m e t h o d s  based  on p o o r l y  s e l e c t e d  s a m p l e s .
Even  when v o l u m e  t a b l e s  w e r e  I n i t i a l l y  c o n s t r u c t e d  
f r o m  s a m p l e  t r e e s  t h a t  may have  been t r u l y  r e p r e ­
s e n t a t i v e  o f  a v e r y  s p e c i f i c  t r e e  p o p u l a t i o n ,  
. . . t h e  t a b l e s  we re  b i a s e d  by  d e f i n i t i o n  when a p p ­
l i e d  t o  t r e e s  o u t s i d e  t h e  s p e c i f i c  p o p u l a t i o n  f r o m  
w h i c h  t h e  s a m p l e  was d r a w n  -  as t h e y  a l m o s t  a l w a y s  
w e r e . "
T h i s  c h a p t e r  d i s c u s s e s  t h e  c o l l e c t i o n  o f  s a m p l e  
t r e e  d a t a  f o r  v o l u m e  t a b l e s  I n  t r o p i c a l  m i x e d  h a r d w oo d  
f o r e s t s  o f  t h e  N o r t h e r n  T e r r i t o r y  d u r i n g  t h e  p e r i o d  1967 t o  
1972 ,  I n  t h e  c o n t e x t  o f  t h e  p r e s e n t  s t u d y .
( I ) THE STUDY AREAS
( a )  F o r e s t  Types  and  S p e c i e s  R e p r e s e n t e d
The me th o d  o f  h a r dw ood  f o r e s t  I n v e n t o r y  used I n  t h e
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N o r t h e r n  T e r r i t o r y  has been d e s c r i b e d  I n  C h a p t e r  2 .  A f t e r  
s t r a t I f I  c a t  I on o f  each  f o r e s t  a r e a  on a i r  photos  a subsample  
o f  t h e  p h o t o  p l o t s  was used as t h e  I n v e n t o r y  sampl e ,  but  
s e l e c t i o n  o f  t h e  subsample  was m a i n l y  c o n f i n e d  t o  s t r a t a  w i t h  
some economic p o t e n t i a l .  F o r  t h i s  r eas on  not  a l l  o f  t he  
broad f o r e s t  t y p e s  d e s c r i b e d  I n  C h a p t e r  2 a r e  r e p r e s e n t e d  I n  
t h e  I n v e n t o r y  sample  f o r  each  a r e a ,  and o n l y  t h e  commonest  
t r e e  s p e c i e s  a r e  a d e q u a t e l y  r e p r e s e n t e d .
Sa mpl i ng  f o r  volume t a b l e  d a t a  was more r e s t r i c t e d  
t h a n  f o r  f o r e s t  I n v e n t o r y .  T a b l e  4 . 1  shows t h e  maj or  f o r e s t  
t y p e s  and s p e c i e s  p r e s e n t  I n  t h e  sample  f o r  each o f  t h e  
f o r e s t  a r e a s  shown I n  F i g u r e  2 . 1  ( page  1 7 ) .  These g i v e  a 
g e n e r a l l y  s a t i s f a c t o r y  c o v e r  o f  t he  m a j o r i t y  o f  s p e c i e s  and 
a r e a s  o f  economic  I n t e r e s t ,  e x c e p t  f o r  an I n a d e q u a t e  c o v e r a g e  
( and number)  o f  " O t h e r  s p e c i e s " .
The codes used f o r  bo t h  s p e c i e s  and l o c a l i t y  
( f o r e s t  a r e a )  a r e  g i v e n  I n  Ap pend i x  1.
( b)  Aval  1a b l e  D a t a
A p pend i x  2 g i v e s  d e t a i l e d  s t a n d  t a b l e s  f o r  each  
common s p e c i e s  I n  t h e  sample  f rom each f o r e s t  a r e a ,  p l u s  
f i g u r e s  f o r  o t h e r  s p e c i e s  and a l l  s p e c i e s  combi ned .  The poor  
r e p r e s e n t a t i o n  of s p e c i e s  o t h e r  t h a n  t h e  f i v e  common s p e c i e s  
shown I n  T a b l e  4 . 1  -  even i n  a r e a s  where t h e y  were I n c l u d e d  
I n  t h e  sample  -  made I t  I m p o s s i b l e  t o  use them I n  any  
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t h e  p r e s e n t  s t u d y .
The f o r e s t  t y p e s  d e s c r i b e d  In  C h a p t e r  2 ( f r o m  
S t o c k e r ,  1972)  a r e  g e n e r a l l y  t o o  b r o a d  f o r  a u s e f u l  s t r a t i f i ­
c a t i o n  o f  N o r t h e r n  T e r r i t o r y  f o r e s t s  f o r  I n v e n t o r y  p u r p o s e s .  
A more d e t a i l e d  s t r u c t u r a l  c 1 a s s l f I  c a t  I on b a s e d  on d o m i n a n t  
h e i g h t ,  c r o w n  c l o s u r e  a nd  s o i l  d r a l n a g e  was u s e d  I n s t e a d  
( T a b l e  9 . 1 ,  p a g e  1 3 0 ) .
( I I )  DATA COLLECTION FOR VOLUME TABLES
D a t a  c o l l e c t i o n  f o r  v o l u m e  t a b l e s  I n v o l v e s  a number  
o f  c o n s i d e r a t i o n s ,  I n c l u d i n g  s a m p l i n g  m e t h o d s ,  s i z e  o f  s am­
p l e ,  a nd  m e t h o d s  o f  m e a s u r i n g  t h e  v o l u m e s  o f  s a m p l e  t r e e s .  
S a m p l i n g  m e t h o d s  c o v e r  a v e r y  w i d e  f i e l d ;  t h e y  a r e  d i s c u s s e d  
I n  d e t a i l  by C o c h r a n  ( 1 9 6 3 )  f o r  g e n e r a l  a p p l i c a t i o n s ,  and 
more  s p e c i f i c a l l y  f o r  f o r e s t r y  p u r p o s e s  by F r e e s e  ( 1 9 6 2 ) .  As 
n o t e d  by FAO ( 1 9 7 3 ) ,  s a m p l e  t r e e  s e l e c t i o n  f o r  vo l ume  t a b l e s  
s h o u l d  p r e f e r a b l y  be b a s e d  on a n  o b j e c t i v e  s a m p l i n g  d e s i g n ,  
a nd  t h e  d i s c u s s i o n  I n  C h a p t e r  3 on r e p r e s e n t a t i v e n e s s  o f  t h e  
s a m p l e  h a s  c o v e r e d  t h e  way I n  w h i c h  s a m p l e s  h a v e  b e e n  t a k e n  
by d i f f e r e n t  w o r k e r s .  P r o b l e m s  In  a d e q u a t e l y  c o v e r i n g  t h e  
f u l l  r a n g e  o f  t h e  d a t a  w e r e  a l s o  d i s c u s s e d .
A c o n s i d e r a t i o n  o f  m e t h o d s  o f  m e a s u r i n g  s a m p l e  t r e e  
v o l u m e s  p a r t l y  o v e r l a p s  t h e  d i s c u s s i o n  I n  t h e  s e c t i o n  o f  
C h a p t e r  5 on  t r e e  v o lu me  c o m p u t a t i o n .  Methods  o f  m e a s u r i n g  
b o t h  s t a n d i n g  a nd  f e l l e d  t r e e s  a r e  d i s c u s s e d  by C a r r o n  ( 1 9 6 8 )  
a nd  Husch  e t  a_l* ( 1 9 7 2 ) .  However  I f  d e f e c t  a s  we l l  a s  g r o s s
b o le  volume Is  t o  be measured th e n  sample t r e e s  must be 
f e l l e d ,  because n o n - d e s t r u c t i v e  methods o f  m e a s u r in g  I n t e r n a l  
d e f e c t  have been found unsa t  I s f a c t o r y  (Dowden, 1 9 6 7 ) -  A l ­
though P a in e  ( 1 9 6 8 )  and H I n d l e y  ( 1 9 7 3 )  used t e c h n i q u e s  o f  
b o r i n g  f o r  decay on s t a n d i n g  t r e e s ,  t h e y  were a b l e  t o  
e s t i m a t e  d e f e c t  o n l y  on th e  b a s i s  o f  .measurements  made on 
p r e v i o u s l y  f e l l e d  t r e e s -  A h ig h  I n c i d e n c e  o f  d e f e c t  In  
N o r t h e r n  T e r r i t o r y  hardwood f o r e s t s  made I t  s i m i l a r l y  n e c e s ­
s a r y  f o r  measurements t o  be made on f e l l e d  t r e e s .
Methods o f  m easur ing  stem volume a r e  d e s c r i b e d  by 
Husch e t  a j .  ( 1972)  and C a r r o n  ( 1 9 6 8 ) .  Those a p p r o p r i a t e  t o  
volume measurement o f  m e r c h a n ta b le  b o le s  I n  hardwoods I n c l u d e  
th e  s e c t i o n a l  method,  t h e  g r a p h i c a l  o r  t a p e r  c u r v e  method,  
and d i r e c t  measurement by f l u i d  d is p l a c e m e n t  I n  a x y l o m e t e r .  
The l a s t  method can o n l y  be used f o r  s m a l l  s c a l e  e x p e r i m e n t a l  
measurements because o f  th e  t im e  t a k e n  and th e  equ ipm ent  
r e q u i r e d ,  and I t  has been used I n  t h i s  way by Young e t  a ] .  
( 1 9 6 7 )  and D a rg a v e l  and D i t c h b u r n e  ( 1 9 7 1 )  t o  t e s t  o t h e r  
methods and f o r m u la e  used f o r  c a l c u l a t i n g  stem vo lum es .  The 
g r a p h i c a l  method g i v e s  r e a s o n a b l y  p r e c i s e  r e s u l t s  but I s  t o o  
t i m e  consuming f o r  l a r g e  numbers o f  sample  t r e e s .  T h is  
l e a v e s  t h e  s e c t i o n a l  method or  some s i m i l a r  method as th e  
o n l y  p r a c t i c a l  a l t e r n a t i v e .
The number and l e n g t h s  o f  s e c t i o n s  t o  be used when 
m ea s u r in g  each  t r e e  b o le  have been I n v e s t i g a t e d  by some 
w o r k e r s .  Whyte ( 1 9 7 1 )  showed t h a t  e r r o r s  due t o  I n c o r r e c t  
a ss u m p t io n s  of th e  shapes o f  s tem  s e c t i o n s  become n e g l i g i b l e
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i f  t h e  d i f f e r e n c e s  b e t w e e n  t h e  e n d  d i a m e t e r s  o f  e a c h  s e c t i o n  
i s  k e p t  w i t h i n  c e r t a i n . 1 i m i t s , and  Young e t  a ]  . ( 1 9 6 7 )  f o u n d  
t h e  s m a l l e s t  e r r o r s  I n  v o l u m e  e s t i m a t e  f o r  s h o r t  s e c t i o n s .  
Hegyi  ( 1 9 6 5 )  c o m p a r e d  m e a s u r e m e n t s  o v e r  o n l y  t h r e e  s e c t i o n s  
w i t h  more  f r e q u e n t  m e a s u r e m e n t s  f o r  t r o p i c a l  h a r d w o o d s  i n  
B r i t i s h  G u I a n a  and  f o u n d  no  s i g n i f i c a n t  d i f f e r e n c e s  I n  t h e  
v o l ume  e s t i m a t e s .
The me th o d  o f  m e a s u r e m e n t  u s e d  f o r  t h e  N o r t h e r n  
T e r r i t o r y  d a t a  was d e t e r m i n e d  w e l l  i n  a d v a n c e  o f  t h e  p r e s e n t  
s t u d y  a n d  I s  d e s c r i b e d  I n  t h e  n e x t  s e c t i o n .  The p r o b l e m s  o f  
w h i c h  g e o m e t r i c  s h a p e s  t o  a s s u m e  a n d  w h i c h  f o r m u l a e  t o  u s e  
f o r  v o l ume  c a l c u l a t i o n  f r o m t h e  d a t a  a r e  d i s c u s s e d  i n  C h a p t e r  
5 .
( H I )  DATA COLLECTION IN THE STUDY AREAS 
( a )  S a mp le  S e l e c t i o n
Two d i f f e r e n t  m e t h o d s  w e r e  u s e d  f o r  c o l l e c t i n g  t r e e  
m e a s u r e m e n t  d a t a  f o r  h a r d w o o d  v o l u m e  t a b l e s  i n  t h e  N o r t h e r n  
T e r r i t o r y .  The e a r l i e r  m e t h o d ,  u s e d  b e f o r e  1970 ,  i n v o l v e d  
t h r e e - p h a s e  s a m p l i n g .  The f i r s t  p h a s e  c o n s i s t e d  o f  p h o t o  
p l o t s ,  i n t e r p r e t e d  a s  d e s c r i b e d  i n  C h a p t e r  2 t o  p r o v i d e  
e s t i m a t e s  o f  t h e  p r o p o r t i o n s  o f  d i f f e r e n t  f o r e s t  t y p e  s t r a t a  
In  e a c h  f o r e s t  a r e a .  The s e c o n d  p h a s e  c o n s i s t e d  o f  a 
s u b s a m p l e  o f  t h e  p h o t o  p l o t s  f o r  f i e l d  m e a s u r e m e n t  d u r i n g  
f o r e s t  i n v e n t o r y ,  and  t h e  t h i r d  p h a s e  was  a f u r t h e r  s u b s a m p l e  
o f  t h e  I n v e n t o r y  p l o t s  on w h i c h  a l l  t r e e s  w e r e  f e l l e d  and
measured .  Th i s  method of  s a m p l i n g  was o b j e c t i v e  and s t a t i s t ­
i c a l l y  v a l i d ,  but  had t h e  d i s a d v a n t a g e  t h a t  t h e  l a r g e r  t r e e  
s i z e s  were p o o r l y  r e p r e s e n t e d  i n  t h e  s am p l e ,  which  i s  n o t e d  
by FAO (1973)  as a common pr o b l em  In mixed hardwood f o r e s t .
The l a t e r  method of  d a t a  c o l l e c t i o n ,  used f rom 1970  
onwar ds ,  p r e s c r i b e d  t h a t  equa l  numbers o f  t r e e s  be c o l l e c t e d  
f rom each d i a m e t e r  c l a s s  i n  t h e  p o p u l a t i o n !  t h e  use o f  
s i m i l a r  s a m p l i n g  schemes by o t h e r  w o r k e r s  has been not ed  i n  
C h a p t e r  3 .  Measurement  cf  f e l l e d  t r e e s  i n  a subsample  o f  t h e  
I n v e n t o r y  p l o t s  was d i s c o n t i n u e d  because  o f  t h e  prob l ems o f  
l o c a t i n g  s u f f i c i e n t  numbers I n  each  s i z e  c l a s s ,  and s u b j e c ­
t i v e  s a m p l i n g  was employed t o  g i v e  a r e a s o n a b l e  c ov e r a g e  of  
f o r e s t  t y p e s  f o r  t h e  I m p o r t a n t  s p e c i e s .  I n  a d d i t i o n ,  a 
maximum d i a m e t e r  was a p p a r e n t l y  a p p l i e d  I n  each  a r e a ,  above  
whi ch  no t r e e s  were s e l e c t e d .
The I m p l i c a t i o n s  of  t h i s  change In  s am p l i n g  method  
a r e  d i s c u s s e d  l a t e r .
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( b )  I n d i v i d u a l  Tr ee  Measurements
The f o l l o w i n g  i n f o r m a t i o n  was r e c o r d e d  f o r  each  
sample t r e e !
1 oca 11 t y  
f o r e s t  t y p e  
s p e d  es
m e r c h a n t a b l 1 11y
d.  b.  h
stump h e i g h t  
p ul pvoo d  log l e n g t h  
saw 1og 1 e n g t h
The log l e n g t h  s e l e c t e d  by t h e  meas ur ing  team 
d e t e r m i n e d  t h e  g r oss  m e r c h a n t a b l e  volume o f  each  t r e e .  The 
l e n g t h  was t a k e n  f rom t o p  o f  stump t o  a l i m i t i n g  p o i n t  such  
as crown b r e a k  or  some maj or  bend or  d e f e c t .
Q u a r t i l e  measurements were t a k e n  a l o n g  t h e  merchan­
t a b l e  log a f t e r  f e l l i n g ,  f o r  d i a m e t e r  over  b ar k  ( d . o . b . ) ,  
b ar k  t h i c k n e s s ,  and d i a m e t e r  o f  I n t e r n a l  d e f e c t  as measured  
a t  each measurement  p o i n t  a f t e r  c r o s s  c u t t i n g .  Under t h e  o l d  
s t y l e  method t h e  measurements were t a k e n  a t  t he  e x a c t  
q u a r t l l e  p o i n t s ,  I . e . ,  a t  t h e  b u t t ,  one q u a r t e r  log l e n g t h ,  
h a l f  way,  t h r e e  q u a r t e r s  l og  l e n g t h  and a t  t h e  t op o f  t he  
l o g .  T h i s  was changed under  t he  newer s ys te m t o  a l l o w  
measurement  p o i n t s  t o  be moved away f rom u n r e p r e s e n t a t I v e  
p o i n t s  ( e . g . ,  s p i k e s  o r  s w e l l i n g s )  i f  n e c e s s a r y ,  and t h e  
l e n g t h  o f  each  s e c t i o n  was r e c o r d e d .  O t h e r  d i f f e r e n c e s  were  
-  a p a r t  f rom changes I n  l a y o u t  o f  t h e  measurement  r e c o r d i n g  
s h e e t s  -  t h a t  t h e  d i a m e t e r  o f  I n t e r n a l  d e f e c t  was r e c o r d e d  t o  
t h e  n e a r e s t  0 . 1 ” ( 0 . 3 c m )  under  t h e  o l d  sys tem but  t o  t h e  
n e a r e s t  1" ( 2 . 5 c m )  under  t h e  l a t e r  s y s t e m ,  and t h a t  t o t a l
t r e e  h e i g h t  was a l s o  o m i t t e d  f rom o l d  s t y l e  measurement  
s h e e t s  because I t  was r e a d i l y  a v a i l a b l e  f rom t h e  I n v e n t o r y  
r e c o r d  f o r  each  p l o t .
( c )  A p p l i c a t i o n  t o  t h e  S t u d y
The d i f f e r e n c e s  i n  m e a s u r e m e n t  t e c h n i q u e s  b e t w e e n  
o l d  and new s t y l e  d a t a  a r e  s o  m i n o r  as t o  have no s i g n i f i c a n t  
e f f e c t  on  c o m p a r a b i l i t y .  The s t r i c t  q u a r t i l e  c o n v e n t i o n  
a p p l i e d  t o  t h e  o l d e r  d a t a  may have i n f l a t e d  t h e  v a r i a n c e  o f  
s a m p l e  t r e e  v o l u m e s  t o  some d e g r e e ,  b u t  b o t h  v a l i d a t i o n  
c h e c k s  and  e x a m i n a t i o n  o f  m e r c h a n t a b l e  s t em  p r o f i l e s  ( C h a p t e r  
5 )  I n d i c a t e d  t h a t  a l l  o f  t h e  d a t a  showed f r e q u e n t  l a r g e  
i r r e g u l a r i t i e s  I n  b o l e  s h a p e .  A d d i t i o n a l  v a r i a t i o n  i n t r o ­
d u c e d  by  some u n r e p r e s e n t a t i v e  d . o . b .  m e a s u r e m e n t s  w o u l d  
t h e r e f o r e  have been  r e l a t i v e l y  m i n o r ,  e s p e c i a l l y  s i n c e  meas­
u r e m e n t  p o i n t s  w e r e  r a r e l y  moved f r o m  t h e  q u a r t i l e  p o s i t i o n  
f o r  t h e  new s t y l e  d a t a .
The d i f f e r e n c e s  I n  m e t h od s  o f  s a m p l e  s e l e c t i o n  a r e  
more s e r i o u s .  W h i l e  t h e  o l d  s t y l e  d a t a  r e p r e s e n t  an o b j e c ­
t i v e  and r e p r e s e n t a t i v e  s u b s a m p l e  o f  t h e  p o p u l a t i o n  c o v e r e d  
by e a c h  a s s o c i a t e d  I n v e n t o r y ,  t h i s  i s  n o t  t h e  c a s e  f o r  t h e  
new s t y l e  d a t a .  However  t h e  m a j o r i t y  o f  t h e  d a t a  was 
c o l l e c t e d  u n d e r  t h e  newer  s y s t e m  w h i c h  c o v e r s  a somewhat  
w i d e r  r a n g e  o f  s p e c i e s  and f o r e s t  t y p e s  t h a n  t h e  o l d  s t y l e  
d a t a .
I t  was d e c i d e d  t o  i n c o r p o r a t e  t h e  new s t y l e  d a t a  
I n t o  t h e  s t u d y ,  e v e n  t h o u g h  t h e r e  w o u l d  be unknown e r r o r s  I n  
a p p l y i n g  t h e  r e s u l t s  t o  i n d i v i d u a l  f o r e s t  i n v e n t o r i e s .  I t  
was hoped t h a t  t h e  r e s u l t s  c o u l d  a t  l e a s t  p r o v i d e  t h e  b a s i s
f o r  f u r t h e r  w o r k
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CHAPTER 5 : IN I T I A L  DATA PROCESSING
A l l  N o r t h e r n  T e r r i t o r y  f o r e s t  I n v e n t o r y  d a ta  were 
o r i g i n a l l y  s t o r e d  on m a g n e t i c  t a p e  a t  t h e  U n i v e r s i t y  o f  
A d e l a i d e  Compute r  C e n t r e .  C o p ie s  o f  t h e  t r e e  measurement 
d a t a  and t h e  o l d  s t y l e  I n v e n t o r y  f i e l d  p l o t  d a ta  were 
t r a n s f e r r e d  t o  t h e  Uni vac 1108 c o m p u te r  a t  t h e  A u s t r a l i a n  
N a t i o n a l  U n i v e r s i t y  I n  March 1975. Old s t y l e  d a ta  were 
c o n v e r t e d  t o  new s t y l e  f o r m a t  and t o t a l  t r e e  h e i g h t s  m i s s i n g  
f r o m  th e  o l d  s t y l e  d a ta  were  o b t a i n e d  f ro m  t h e  I n v e n t o r y  
f i e l d  p l o t  r e c o r d s .  U n m e rc h a n ta b 1e t r e e s  I n  th e  o l d  s t y l e  
d a ta  -  w h ic h  were r e c o r d e d  b u t  n o t  f u l l y  measured -  were 
de 1e t e d .
( 1 )  CHECKING THE DATA
C h e c k in g  th e  d a ta  I s  an e s s e n t i a l  p a r t  o f  vo lume 
t a b l e  c o n s t r u c t i o n .  A s m a l l  number o f  s e r i o u s  e r r o r s  can 
n o t i c e a b l y  b i a s  t h e  r e l a t i o n s h i p s  o b t a i n e d  and le a d  t o  
I n c o r r e c t  e s t i m a t e s  o f  s t a n d  vo lume f r o m  f o r e s t  I n v e n t o r y .  
The a d d i t i o n a l  s t e p  o f  t e s t i n g  t h e  v a l i d i t y  o f  t h e  d a ta  I s  
u s u a l l y  m in o r  when compared w i t h  t h e  t i m e  and money s p e n t  on 
an e n t i r e  o p e r a t i o n .
A l l  o f  t h e  d a ta  used I n  t h e  s t u d y  were  o r i g i n a l l y  
p ro c e s s e d  by e d i t  p rogram s w r i t t e n  by Mr W.M. Pearce  o f  t h e  
U n i v e r s i t y  o f  A d e l a i d e  Compute r  C e n t r e .  The p ro g ra m s  ch e c k e d  
f o r  I l l e g a l  c h a r a c t e r s ,  I n v a l i d  codes  and anomalous  m easure ­
m e n ts ,  and t h e  r e s u l t s  were s e n t  back t o  F o r e s t r y  B ra n ch
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s t a f f  I n  D a r w i n  f o r  c o r r e c t i v e  a c t i o n .  R e c o r d s  w i t h  g r o s s  
e r r o r s  s u c h  a s  f a u l t y  c o d i n g  o r  m i s s i n g  m e a s u r e m e n t s  we r e  
e i t h e r  m o d i f i e d  o r  d e l e t e d ,  w h i l e  s a m p l e  t r e e s  w i t h  l e s s  
s e r i o u s  a n o m a l i e s  ( e . g . ,  n e g a t i v e  t a p e r )  w er e  m e r e l y  f l a g g e d  
t o  be I g n o r e d  b u t  n o t  r e move d  f r o m  t h e  d a t a .
B e c a u s e  o f  t h i s  p r e l i m i n a r y  c h e c k i n g  I t  was e x p e c t ­
ed  t h a t  t h e r e  wou ld  be no  m a j o r  e r r o r s  I n  t h e  d a t a .  H ow ev e r ,  
t o  g u a r d  a g a i n s t  p o s s i b l e  c o r r u p t i o n  of  t h e  d a t a  d u r i n g  
t r a n s f e r  t o  t h e  Uni v a c  c o m p u t e r  and  t o  c o v e r  some p o s s i b l e  
a n o m a l i e s  n o t  t e s t e d  f o r  I n  t h e  o r i g i n a l  e d i t  p r o g r a m s ,  I t  
was d e c i d e d  t o  e d i t  a l l  o f  t h e  d a t a  a g a i n .
( a )  V a l i d a t i o n  T e s t s
Manual  a nd  g r a p h i c a l  c h e c k i n g  o f  d a t a  f o r  t r e e  
v o l ume  t a b l e s  I n  T a s m a n i a  I s  d e s c r i b e d  by Unwin and  B o w l i n g  
( 1 9 5 1 ) .  C a r r o n / s  ( 1 9 6 8 )  d e s c r i p t i o n  o f  t h e  s e c t i o n a l  me t ho d  
o f  m e a s u r i n g  s t e m  vo l ume  I n c l u d e s  t h e  s u g g e s t i o n  t h a t  m e a s ­
u r e m e n t s  up t h e  s t e m  be c h e c k e d  f o r  s e n s i b l e  t r e n d s .  T u r n e r  
( 1 9 7 2 )  d e s c r i b e s  a  c o m p u t e r  p r o g r a m  f o r  c a l c u l a t i n g  s a m p l e  
t r e e  v o l u m e s  w h i c h  c h e c k e d  f o r  e r r o r s  I n  t h e  d a t a .
The p r o g r a m  u s e d  f o r  v a l i d a t i n g  t h e  d a t a  on t h e  
A . N . U .  c o m p u t e r  d u p l i c a t e d  some o f  t h e  t e s t s  I n  t h e  p r o g r a m s  
u s e d  I n  A d e l a i d e ,  m o d i f i e d  o t h e r s  and  I n c l u d e d  some new 
t e s t s .  I t  t e s t e d  f o r  I l l e g a l  c h a r a c t e r s  a nd  I n v a l i d  c o d i n g ,  
and  c h e c k e d  t h a t  m e a s u r e d  v a l u e s  w e r e  r e a s o n a b l e .  A c c e p t a b l e  
l i m i t s  o f  v a r i a t i o n  w e r e  I n i t i a l l y  p r e s c r i b e d  I n  t h e  l i g h t  o f
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p a s t  e x p e r i e n c e  w i t h  t r e e  measurement d a t a  f rom  t r o p i c a l  r a i n  
f o r e s t  I n  Papua l s l £ v  G u in e a ,  but I t  was found t h a t  N o r t h e r n  
T e r r i t o r y  d a t a  showed c o n s i d e r a b l y  more v a r i a t i o n .  For  
example^
-  b a r k  t h i c k n e s s  measurements a l o n g  th e  
b o le  o f  a s i n g l e  t r e e  v a r i e d  up t o  10 t im e s  from  
t h e  s m a l l e s t  t o  th e  l a r g e s t  v a l u e .  T h i s  was not  
e n t i r e l y  s u r p r i s i n g  f o r  E .  ml nl a t  a because o f  I t s  
heavy s t o c k l  ng o f  rough  b a r k ,  bu t  had n o t  been 
e x p e c t e d  f o r  o t h e r  s p e c i e s .  Measurement e r r o r s  
were an u n l i k e l y  s o u rc e  o f  t h e  v a r i a t i o n  because  
b a rk  t h i c k n e s s e s  were u s u a l l y  measured a t  t h e  ends 
o f  c r o s s  c u t  s e c t i o n s  r a t h e r  th a n  w i t h  b a rk  gauges.
-  u n d e r b a r k  t a p e r  between c o n s e c u t i v e  d i ­
a m ete r  measurements v a r i e d  from d e c re a s e s  o f  as 
much as 75% I n  d i a m e t e r  between c o n s e c u t i v e  meas­
urements up t h e  stem ( u s u a l l y  a s s o c i a t e d  w i t h  th e  
b u t t  s e c t i o n )  t o  I n c r e a s e s  I n  d i a m e t e r  ( I . e . ,  
n e g a t i v e  t a p e r )  o f  as much as 50%. T h is  can be 
seen f ro m  t h e  stem p r o f i l e s  shown I n  F i g u r e  5 . 1 ,  
b e a r i n g  I n  mind t h a t  t h e y  I l l u s t r a t e  b as a l  a r e a  
a g a i n s t  h e i g h t  and t h e r e f o r e  e x a g g e r a t e  p e r c e n t a g e  
d i f f e r e n c e s  I n  d i a m e t e r .
-  t h e  measured v a l u e  o f  d . b . h .  was o f t e n  
v e r y  d i f f e r e n t  f ro m  t h e  e x p e c t e d  v a l u e  o b t a i n e d  by 
I n t e r p o l a t i n g  f ro m  t h e  s e c t i o n a l  d . o . b .  measure ­
m ents .  T h is  c a n  a l s o  be seen I n  F i g u r e  5 . 1 .
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The g e n e r a l  I r r e g u l a r i t y  o f  t h e  d a t a  was a source  
o f  c o n s i d e r a b l e  c o n ce r n  and I t  was d e c i d e d  t o  f u r t h e r  
I n v e s t i g a t e  some a s p e c t s  o f  t h e  v a r i a t i o n .  Because t r e e  
volume v a r i e s  a p p r o x i m a t e l y  as t h e  squar e  o f  d i a m e t e r ,  
volumes p r e d i c t e d  f rom volume t a b l e s  a r e  h i g h l y  s e n s i t i v e  t o  
e r r o r s  I n  d . b . h .  The a p p a r e n t  I r r e g u l a r i t i e s  I n  d . b . h .  were  
t h e r e f o r e  chosen f o r  I n i t i a l  I n v e s t i g a t i o n .  T h i s  had t he  
added a d v a n t a g e  t h a t  c om pa r is on  o f  a c t u a l  and I n t e r p o l a t e d  
d . b . h .  would  a l s o  p r o v i d e  some I n f o r m a t i o n  on v a r i a t i o n  I n  
t a p e r  f o r  t h e  l ower  p a r t  o f  t h e  t r e e .
The p o s i t i o n  of  d . b . h .  r e l a t i v e  t o  t h e  s e c t i o n a l  
measurements v a r i e d  w i t h  log l e n g t h  and stump h e i g h t .  I t  
most commonly f e l l  I n  t h e  b u t t  s e c t i o n  between t h e  f i r s t  and 
second d . o . b .  measurements ,  but  a l s o  o c c u r r e d  above t h e  
second measurement  I n  a s m a l l  p e r c e n t a g e  o f  c a s e s .  Examin ­
a t i o n  of  s tem p r o f i l e s  o f  a subsample  of  t h e  d a t a  ( F i g u r e  
5 . 1 )  i n d i c a t e d  t h a t ,  a l t h o u g h  t r e e  shape was v e r y  I r r e g u l a r ,  
t h e  b u t t  s e c t i o n  was g e n e r a l l y  concave  w h i l e  t h e  nex t  s e c t i o n  
a p p a r e n t l y  v a r i e d  f rom convex t o  s l i g h t l y  c o n c a v e ,  as b e s t  as 
c o u l d  be j u d g e d  f rom t h e  sma l l  number o f  d i a m e t e r  measur e­
ments t a k e n  f o r  each  t r e e .  A c o n i c a l  shape ( I . e . , somewhat  
concave f o r  a p l o t  o f  s e c t i o n a l  a r e a  a g a i n s t  h e i g h t )  was used 
f o r  I n t e r p o l a t i o n  I n  t he  e d i t  p r o g r a m ,  as a rough w e i g h t e d  
a v e r a g e  o f  shape f o r  t h e  two s e c t i o n s  of  t h e  t r e e  where  
d . b . h .  o c c u r r e d .  However t h i s  was not  c o n s i d e r e d  ad e qu a t e  
f o r  a c l o s e r  I n v e s t i g a t i o n ,  and a program was w r i t t e n  t o  
compare a c t u a l  d . b . h .  w i t h  v a l u e s  I n t e r p o l a t e d  f rom a p a r a ­























Stem profiles for a subsample of the data. Both overbark sectional area 
and height above top of stump are expressed in percentages.
Relative position of d.b.h. shown thus: +
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c o n v e x i t y )  f o r  t h e  b u t t  s e c t i o n  o f  e a c h  t r e e .  A p a r a b o l o i d  
was  a s s u m e d  a s  an  a p p r o x i m a t e  a v e r a g e  f o r  t h e  s e c o n d  s e c t i o n ,  
b u t  t h i s  h ad  l i t t l e  e f f e c t  on t h e  r e s u l t s  b e c a u s e  o f  t h e  
s m a l l  p e r c e n t a g e  o f  d . b . h .  m e a s u r e m e n t s  o c c u r r i n g  a b o v e  t h e  
s e c o n d  d . o . b .  p o s i t i o n .  D e v i a t i o n  o f  a c t u a l  d . b . h .  f r o m  
I n t e r p o l a t e d  was e x p r e s s e d  a s  a p e r c e n t a g e  o f  t h e  i n t e r p o l ­
a t e d  v a l u e ,  a n d  f r e q u e n c i e s  w i t h i n  2 p e r c e n t  c l a s s e s  o f  
d e v i a t i o n  w e r e  p l o t t e d  a s  h i s t o g r a m s  f o r  e a c h  s p e c i e s  w i t h i n  
e a c h  1o c a l I t y .
V a r i a t i o n  b e t w e e n  s p e c i e s  a n d  l o c a l i t i e s  c o n s i d e r ­
a b l y  e x c e e d e d  t h e  r e l a t i v e l y  s m a l l  c h a n g e s  I n  mean d e v i a t i o n  
b e t w e e n  t h e  d i f f e r e n t  g e o m e t r i c  s h a p e s  a s s u m e d  f o r  I n t e r p o l ­
a t i o n .  A summary  o f  t h e  r e s u l t s  f o r  a n e l l o l d  I s  g i v e n  In  
T a b l e  5 . 1 ;  t h e  c o r r e s p o n d i n g  r e s u l t s  f o r  a p a r a b o l o i d  w er e  
a b o u t  1-2% l o w e r ,  a n d  a b o u t  t h e  same amoun t  h i g h e r  f o r  a 
h y p e r b o l o i d .  The d e v i a t i o n s  w e r e  f o u n d  t o  show a d i s t u r b ­
i n g l y  c o n s i s t e n t  p o s i t i v e  b i a s  f o r  t h e  o l d  s t y l e  d a t a  a nd  an 
e v e n  more  c o n s i s t e n t  n e g a t i v e  b i a s  f o r  t h e  new s t y l e  d a t a .  
However  I t  was  n o t  p o s s i b l e  t o  a c c o u n t  f o r  t h e s e  t r e n d s  In  
t e r m s  o f  a d i f f e r e n t  g e o m e t r i c  s h a p e  f o r  t h e  b u t t  s e c t i o n  o f  
t h e  t r e e ,  b e c a u s e  o f  t h e  r e l a t i v e l y  s m a l l  c h a n g e s  i n  d e v i a ­
t i o n s  c a l c u l a t e d  f r o m  a l t e r n a t i v e  s h a p e s .  The t y p e  o f  s h a p e  
r e q u i r e d  t o  a c c o u n t  f o r  e a c h  b i a s  w o u l d  have  b e e n  s o  c o n v e x  
f o r  t h e  o l d  s t y l e  d a t a  and  s o  c o n c a v e  f o r  t h e  new s t y l e  d a t a  
a s  t o  be m o s t  u n l i k e l y ,  e v e n  a p a r t  f r o m t h e  d i f f i c u l t y  o f  
J u s t i f y i n g  v e r y  d i f f e r e n t  s h a p e s  f o r  s a m p l e  t r e e s  c o l l e c t e d  
f r o m  o v e r l a p p i n g  o r  a d j a c e n t  f o r e s t  a r e a s  on  d i f f e r e n t  
o c c a s i o n s .  A f t e r  a c a r e f u l  r e v i e w  o f  b o t h  t h e  o l d  a nd  new
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T a b l e  5 .  1
Mean d e v i a t i o n s  o f  a c t u a l  d . b . h .  f r o m  I n t e r p o l a t e d  d . b . h .  
f o r  s e p a r a t e  s p e c i e s  w i t h i n  l o c a l i t i e s .  The I n t e r p o l a t i o n  
assumes  a n e l l o l d  f o r  t h e  b u t t  s e c t i o n  o f  e a c h  t r e e ,  and t h e  
d e v i a t i o n  I s  e x p r e s s e d  as a p e r c e n t a g e  o f  t h e  I n t e r p o l a t e d  
v a l u e .  Numbers  shown I n  b r a c k e t s  a t  t h e  e nd s  o f  s o m e . l i n e s  
o f  t h e  t a b l e  a r e  numbe rs  o f  t r e e s  e x c l u d e d  as o u t l i e r s .
:z 0 • 0 -h Mean
L oc a  1 I t y Spec I es s a m p l e s d e v . (%) M a x . (%) Ml n .  (%)
02 01 150 +5-  22 + 3 5 . 3 1 - 1 8 . 7 5
( o l d ) 02 108 + 3 - 0 3 + 2 0 . 5 9 -  18 . 23
03 88 + 9 - 5 4 + 3 1 . 9 0 - 1 4 . 4 1
03 01 96 + 0 . 9 0 + 4 9 . 3 3 - 1 4 . 9 0
( o l d ) 02 103 - 0 . 2 4 + 2 2 . 1 8 - 2 1 . 1 4
03 72 + 7 . 5 2 + 3 0 . 4 8 - 1 4 . 9 9
07 01 87 + 2.  22 + 5 8 . 0 6 - 3 8 . 2 5
( o l d ) 02 421 - 0 .  10 + 3 6 . 0 2 - 4 2 . 0 1
070 01 42 + 10.  11 + 3 3 . 1 4 - 1 2 . 3 8
( o l d ) 02 157 + 1.41 + 2 4 . 7 2 - 2 4 . 2 1
O H 01 65 “ 3 . 4 1 + 1 1 . 0 4 - 1 6 . 5 6
02 96 “ 7 . 6 5 + 4 . 6 9 - 1 7 . 2 2
68 108 - 8 . 9 4 + 1 7 . 9 0 - 2 5 . 7 5
02 01 57 - 1 . 6 2 +8 . 71 - 1 2 . 6 7
02 45 - 3 . 0 2 + 5 . 4 2 - 1 1 . 7 4
03 54 “ 1 . 7 5 + 8 . 3 5 - 1 1 . 0 5
02 11 01 54 - 6 . 2 4 + 4 . 9 9 - 1 5 . 3 6
02 54 “ 7 . 7 3 - 0 .  10 - 1 5 . 2 7
03 54 - 5 . 6 7 + 8 . 41 - 1 5 . 0 0
022 01 44 - 3 . 8 4 + 6 . 9 7 - 1 3 . 7 0
02 44 - 8 .  18 + 1 . 47 - 1 7 . 8 8
03 44 - 6 . 9 2 + 2 . 9 7 - 1 7 . 2 4
06 44 - 2 . 6 3 +9 .  22 - 1 2 . 3 5
031 01 121 - 2 . 9 4 + 1 3 . 7 6 - 2 1 . 4 8
02 111 - 5 . 9 6 + 9 .  19 - 1 8 . 4 9
03 126 - 3 . 3 6 + 2 2 . 6 6 - 2 1 . 3 5
68 131 “ 11 . 73 + 11 . 77 - 2 7 . 9 5
07 01 80 - 0 . 8 3 + 9 . 8 8 - 1 5 .  13
02 168 - 4 . 8 0 + 1 4 . 8 2 - 2 2 . 8 7
091 01 157 “ 2 . 9 7 + 9 . 1 0 - 2 5 . 4 2
02 156 “ 5 . 5 5 +7 .  16 - 1 8 . 5 7
06 156 - 5 . 7 5 + 9 . 8 2 - 2 6 . 1 0






s t y l e  m e a s u r e m e n t  m e t h o d s  -  a nd  c o n s u l t a t i o n s  w i t h  f o r m e r  
o f f i c e r s  o f  t h e  N . T .  F o r e s t r y  B r a n c h  w h i c h  p r o v i d e d  no 
o b v i o u s  r e a s o n s  f o r  t h e s e  r e s u l t s  -  I t  was d e c i d e d  t h a t  t h e r e  
was no a l t e r n a t i v e  t o  u s i n g  t h e  d a t a  I n  t h e i r  p r e s e n t  f o r m ,  
e v e n  t h o u g h  t h e  a p p a r e n t  b i a s e s  I n  d . b . h .  w ou l d  a l m o s t  
c e r t a i n l y  a f f e c t  s u b s e q u e n t  a n a l y s e s .  B e c a u s e  o f  t h i s  u n c e r ­
t a i n t y ,  t h e  d . b . h .  m e a s u r e m e n t s  w e r e  n o t  I n c l u d e d  among t h e  
d i a m e t e r  m e a s u r e m e n t s  u s e d  t o  d e f i n e  t h e  s h a p e  o f  e a c h  s a m p l e  
t r e e .
The r a n g e  o f  d e v i a t i o n s  b e t w e e n  a c t u a l  and  I n t e r ­
p o l a t e d  d . b . h .  c a n  be s e e n  f r o m  t h e  maximum a nd  minimum 
f i g u r e s  g i v e n  I n  T a b l e  5 . 1 .  H o w e v e r ,  t h e  p l o t t e d  h i s t o g r a m s  
showed  t h a t  t h e  I n d i v i d u a l  d e v i a t i o n s  g e n e r a l l y  f o r m e d  a 
c o n t i n u o u s  a nd  a p p r o x i m a t e l y  n o r ma l  d i s t r i b u t i o n  f o r  e a c h  
s p e c i e s .  T h i s  made I t  d i f f i c u l t  t o  r e j e c t  e v e n  r e l a t i v e l y  
l a r g e  d e v i a t i o n s  a s  due  t o  m e a s u r e m e n t  e r r o r  -  e x c e p t  f o r  t h e  
few o u t l i e r s  d i s c u s s e d  I n  t h e  n e x t  s e c t i o n  -  a nd  c o n f i r m e d  
t h e  i m p r e s s i o n  o b t a i n e d  f r o m  t h e  r e s u l t s  o f  t h e  d a t a  e d i t i n g  
p r o g r a m  t h a t  t h e  s a m p l e  t r e e s  s h owe d  v e r y  l a r g e  v a r i a t i o n s  i n  
s h a p e .
I n  t h e  l i g h t  o f  t h e s e  r e s u l t s  t h e  o t h e r  s a m p l e  t r e e  
m e a s u r e m e n t s  w h i c h  s ho we d  l a r g e  v a r i a t i o n s  -  s u c h  a s  b a r k  
t h i c k n e s s  a n d  u n d e r b a r k  t a p e r  -  w e r e  r e - e x a m i n e d ,  and  I t  was 
f o u n d  e q u a l l y  d i f f i c u l t  t o  s i n g l e  o u t  I n d i v i d u a l  s a m p l e s  
w h i c h  were  n o t  p a r t  o f  a w i d e  a n d  c o n t i n u o u s  r a n g e  of  
v a r i a t i o n .  The d a t a  w e r e  t h e r e f o r e  a c c e p t e d  a s  b e i n g  h i g h l y  
v a r i a b l e  a n d ,  e x c e p t  w h e r e  o b v i o u s  m e a s u r e m e n t  e r r o r s  o r
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o m is s io n s  were d e t e c t e d  as d is c u s s e d  i n  t h e  n e x t  s e c t i o n ,  th e  
sam ples  f l a g g e d  as anomalous by t h e  e d i t  program were  
a c c e p t e d *
( b )  T r e a tm e n t  of  Anomalous V a lu e s
A n o m al ies  f l a g g e d  by t h e  e d i t  p rogram  were c l a s s ­
i f i e d  i n t o  two ty p e s *  The f i r s t  t y p e  was assumed t o  be due 
t o  measurement e r r o r  or  o m is s io n  and t h e  second t y p e  was 
t a k e n  as p a r t  o f  th e  w ide  but  p re s u m a b ly  normal  v a r i a t i o n  
found I n  t h e  d a t a .
A n o m a l ie s  o f  th e  f i r s t  t y p e  o c c u r r i n g  In  t h e  o l d  
s t y l e  d a t a  I n c l u d e d  o b v io u s  m is s in g  o r  I n c o n s i s t e n t  m easure ­
ments*  Many o f  th e  t r e e s  p r e v i o u s l y  f l a g g e d  as anomalous I n  
t h e  o l d  s t y l e  sam ples  were I n  f a c t  a c c e p t e d  as p a r t  o f  th e  
w ide  v a r i a t i o n  I n  t h e  d a t a ,  as were b o th  o f  o n l y  two t r e e s  
f l a g g e d  t h r o u g h o u t  a l l  o f  t h e  new s t y l e  m easurem ents .  Re-  
e d l t l n g  of  t h e  d a t a  was t h e r e f o r e  found t o  be j u s t i f i e d  In  
v ie w  o f  t h e  a p p a r e n t  I n c o n s i s t e n c i e s  and o v e r s i g h t s  In  th e  
o r i g i n a l  e d l t I n g *
A n o m a l ie s  o f  th e  second t y p e ,  r e s u l t i n g  f rom th e  
w ide  v a r i a t i o n  I n  t h e  d a t a ,  were found  f o r  s e v e r a l  measured  
v a l u e s  I n c l u d i n g  b a rk  t h i c k n e s s ,  t a p e r  and d . b . h .  A l l  were  
a c c e p t e d ,  as d is c u s s e d  I n  t h e  p r e v i o u s  s e c t i o n ,  e x c e p t  f o r  a 
s m a l l  number o f  t r e e s  w i t h  d . b . h .  v a l u e s  which  were o b v i o u s l y  
o u t l i e r s *  Because o f  th e  s e n s i t i v i t y  o f  volume e s t i m a t e s  t o  
e r r o r s  I n  d . b - h *  some e x t r a  t im e  was s p e n t  on d e t e c t i n g
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p o s s i b l e  e r r o r s  i n  t h e  d . b . h .  measurements .
D e t e c t i o n  o f  o u t l i e r s  I s  d i s c u s s e d  by D i xon  and 
Massey ( 1 9 5 7 ) ,  Sn edeco r  and Cochran  ( 1 9 6 7 )  and o t h e r s .  A 
c r i t e r i o n  su g ge s t e d  by Nash ( 1 9 6 5 )  f o r  f o r e s t r y  a p p l i c a t i o n s  
I s  the  r e j e c t i o n  o f  d a t a  w i t h  d e v i a t i o n s  g r e a t e r  t h a n  or  
equa l  t o  2 . 5  s t a n d a r d  d e v i a t i o n s  f rom t h e  mean;  however t h i s  
c r i t e r i o n  r e j e c t s  1.24% o f  t h e  d a t a  f rom a normal  p o p u l a t i o n  
and seems und u l y  ha r sh  f o r . l a r g e  d a t a  s e t s .  An a l t e r n a t i v e  
c r i t e r i o n  was used t o  a v o i d  e x c e s s i v e  f i l t e r i n g  o f  t he  d a t a :  
o b s e r v a t i o n s  were e x c l u d e d  o n l y  I f  t h e i r  d e v i a t i o n s  had an 
a s s o c i a t e d  p r o b a b i l i t y  o f  Jess than  ( 0 . 0 5 / n ) ,  where n I s  t he  
number o f  o b s e r v a t i o n s  f o r  each  s p e c i e s  f rom a g i v e n  . l o c a l ­
i t y .  A t o t a l  o f  5 o u t l i e r s  were  e x c l u d e d  I n  t h i s  way f rom a 
t o t a l  o f  3525  o b s e r v a t i o n s .
( I I )  COMPUTING SAMPLE TREE VOLUMES
The method used f o r  co mp u t i n g  t h e  volumes of  sample  
t r e e s  I s  f u n d am en t a l  t o  t h e  p r o d u c t i o n  o f  s a t i s f a c t o r y  t r e e  
volume t a b l e s .  Any i n a d e q u a c i e s  o r  b i a s  I n  volume e s t i m a t e s  
f o r  t h e  i n p u t  d a t a  a r e  r e f l e c t e d  i n  t h e  f i n a l  t a b l e s .  
Because of  t h e  s ma l l  number o f  d i a m e t e r  measurements t a k e n  
f o r  eac h  sample  t r e e  I n  t h e  N o r t h e r n  T e r r i t o r y  d a t a  I t  was 
c o n s i d e r e d  d o u b l y  I m p o r t a n t  t o  e n s u r e  t h a t  t h e  method used 
was as f r e e  f rom b i a s  as p o s s i b l e .
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( a )  Me t hods  o f  T r e e  Volume C o m p u t a i o n
H usc h  e t  a ] .  ( 1972)  d e s c r i b e  t h e  way i n  w h i c h  t h e  
m e r c h a n t a b l e  b o l e s  o f  h a r dwo od  t r e e s  a r e  a s s u m e d  t o  r e s e m b l e  
f r u s t a  o f  n e l l o l d s ,  c o n e s  o r  s e c o n d  d e g r e e  p a r a b o l o i d s  and  
g i v e  t h e  f o r m u l a  f o r  c a l c u l a t i n g  v o l u m e  i n  e a c h  c a s e .  The 
u se  o f  H u b e r ' s  and  S m a l i a n ' s  f o r m u l a e  w h i c h  a s s u m e  a p a r a b ­
o l o i d ,  and  N e w t o n ' s  p r l s m o i d a l  f o r m u l a  w h i c h  r e q u i r e s  no 
u n d e r l y i n g  a s s u m p t i o n  o f  s h a p e ,  a r e  d e s c r i b e d  by C a r r o n  
( 1968)  and  Husch  e t  a ] . ( 1 9 7 2 ) .  The l a t t e r  a u t h o r s  r ecommend 
t h a t  S m a l I a n ' s  f o r m u l a  be u s e d  f o r  s h o r t  s e c t i o n s  i f  p o s s ­
i b l e ,  b e c a u s e  o f  t h e  l a r g e  p o t e n t i a l  e r r o r  w i t h  s h a p e s  o t h e r  
t h a n  a p a r a b o l o i d ,  a n d  s u g g e s t  t h e  u s e  o f  e i t h e r  N e w t o n ' s  o r  
H u b e r ' s  f o r m u l a  f o r  l o n g e r  s e c t i o n s .  However  t h e y  n o t e  t h a t  
N e w t o n ' s  f o r m u l a  d o e s  n o t  g i v e  good  r e s u l t s  f o r  e x c e s s i v e l y  
c o n c a v e  b u t t  s e c t i o n s .
A l t h o u g h  a s e c o n d  d e g r e e  p a r a b o l o i d  i s  o f t e n  a s ­
sumed f o r  s e c t i o n s  o f  b o t h  c o n i f e r o u s  a n d  h a r dw o od  s t e m s  
e x c e p t  f o r  t h e  b u t t  s e c t i o n  w h i c h  may be t r e a t e d  a s  a n e l l o i d  
-  I t  I s  n o t  a l w a y s  a p p r o p r i a t e ,  e v e n  f o r  t h e  n o r m a l l y  more  
r e g u l a r  b o l e  s h a p e s  o f  c o n i f e r s .  K l o o s  e t  a d .  ( 1 9 6 7 )  f o u n d  
t h a t  f o r  r e d  p i n e  I n  P e n n s y l v a n i a  a f o u r t h  d e g r e e  p o l y n o m i a l  
was n e e d e d  t o  y i e l d  an  a d e q u a t e  a p p r o x i m a t i o n  t o  s t e m  s h a p e ,  
a nd  t h a t  v o l u m e s  c a l c u l a t e d  w e r e  c o n s i s t e n t l y  h i g h e r  t h a n  
w i t h  S m a l i a n ' s  f o r m u l a .  F o r  t r o p i c a l  h a r d w o o d s ,  FAC ( 1 9 7 3 )  
h i g h l y  r ecommend t h e  use  o f  N e w t o n ' s  f o r m u l a ,  e s p e c i a l l y  f o r  
l o n g  s e c t i o n s ,  b e c a u s e  o f  i t s  a p p I  I c a b i 1 11y t o  s h a p e s  o t h e r  
t h a n  a p a r a b o l o i d .
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Comput ing volumes o f  b u t t  s e c t i o n s  o f  t h e  stem can  
be a p r o b l e m  I f  t he  shape o f  t h e  l ower  p a r t  o f  t h e  b o l e  I s  
e x c e s s i v e l y  co n ca ve .  A l t h o u g h  a n e l l o i d  I s  commonly assumed,  
work w i t h  t a p e r  c u r ve s  ( M a t t e ,  19^9;  Bruce e t  a j . , I 9 6 0 )  has 
pr oduced  c o n s i d e r a b l y  more complex c u r v e s ,  and Ormerod ( 1 9 7 3 )  
used a d i s c o n t i n u o u s  s t e p  f u n c t i o n  t o  a l l o w  f o r  t h e  d i f f e r e n t  
shape I n  t h e  b u t t  s e c t i o n  o f  C a n ad i a n  t r e e s .  Taper  c u r v e s  
a r e  f u r t h e r  d i s c u s s e d  I n  C h a p t e r  6 .
A s i m p l e  shape which does not  seem t o  have been 
d i s c u s s e d  I n  t h e  l i t e r a t u r e ,  and wh i ch  I s  a p p l i c a b l e  t o  b u t t  
s e c t i o n s  more concave t h a n  a n e l l o i d ,  I s  t h e  h y p e r b o l o i d .  
The f o r m u l a  f o r  t he  volume o f  a f r u s t u m  I s  s i m p l e r  t han  f o r  a 
nel  1old2
V = h \ ]  ( a A )
( whe re  V I s  t h e  volume o f  t h e  f r u s t u m ,  h I s  t h e  l e n g t h ,  a I s  
t h e  c r o s s  s e c t i o n a l  a r e a  a t  t h e  t op and A t h e  c r o s s  s e c t i o n a l  
a r e a  a t  t h e  b a s e ) .  I n t e r p o l a t i o n  o f  d i a m e t e r  o r  s e c t i o n a l  
a r e a  I s  a l s o  s i m p l e r  I n  t h a t  t h e  r e c i p r o c a l  o f  s e c t i o n a l  
a r e a ,  o r  d i a m e t e r  s q u a r e d ,  I s  l i n e a r  w i t h  h e i g h t .
A f u r t h e r  p o t e n t i a l  p r o b l e m  w i t h  compu t i ng  stem  
volumes of  sample  t r e e s  occurs  w i t h  t h e  u n d e r l y i n g  ass um pt io n  
t h a t  t h e  c r o s s  s e c t i o n s  a r e  c i r c u l a r .  As d i s c u s s e d  by C a r r o n  
( 1 9 6 8 )  and Husch e t  a j . ( 1 9 7 2 ) ,  any ma j or  d e p a r t u r e  f rom a 
c i r c u l a r  shape w i l l  . l e a d  t o  b i a s  I n  c a l c u l a t e d  s e c t i o n a l  
a r e a .  The use o f  d i a m e t e r  t a p e  measurements r a t h e r  t han  
measurements t a k e n  w i t h  c a l i p e r s  w i l l  l ea d  t o  some deg r e e  o f  
o v e r e s t i m a t e  I n  s e c t i o n a l  a r e a  and t h e r e f o r e  I n  vo l ume.
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However ,  as noted I n  C h a p t e r  3 ,  N o r t h e r n  T e r r i t o r y  hardwoods  
g e n e r a l l y  do not  have t h e  heavy  b u t t r e s s i n g  or f l u t i n g  o f t e n  
f ound I n  r a i n  f o r e s t  hardwoods ,  and t h e  a ss umpt i on  of  
c i r c u l a r  c r o s s  s e c t i o n s  would no t  have I n t r o d u c e d  s i g n i f i c a n t  
bi a s .
( b )  V a r i a t i o n  I n  Shape o f  Sample T r e e s
When compared w i t h  c o n i f e r s ,  b r o a d l e a v e d  t r e e s  a r e  
u s u a l l y  much more v a r i a b l e  and I r r e g u l a r  I n  sh a pe .  As Assman 
( 1 9 7 0 )  has noted^
"As compared w i t h  t h e  many d i v e r s e  and ,  I n  some 
c a s e s ,  b i z a r r e  o u t l i n e s  o f  b r o a d - l e a v e d  t r e e s ,  
c o n i f e r s  p r e s e n t  r e g u l a r  f o r m s . . . * 1
The I r r e g u l a r  and v a r i a b l e  b o l e  shapes o f  t h e  
sample  t r e e s  can be j udged  f rom t h e  e a r l i e r  d i s c u s s i o n  I n  
t h i s  c h a p t e r  on e d i t i n g  o f  t h e  d a t a ,  and f rom t h e  subsample  
o f  stem p r o f i l e s  shown I n  F i g u r e  5 . 1 .  For  t h e  sake  o f  
c o m p a r i s o n ,  t h e  p r o f i l e s  have been p l o t t e d  w i t h  s e c t i o n a l  
a r e a  e x p r e s s e d  as a p e r c e n t a g e  o f  b u t t  s e c t i o n a l  a r e a  a g a i n s t  
p e r c e n t a g e  o f  log l e n g t h .  A p a r t  f rom t h e  g e n e r a l  o b s e r v ­
a t i o n s  t h a t  some d e g r e e  o f  b u t t s w e l l  I s  a l m os t  a l w a ys  p r e s e n t  
and g e n e r a l l y  c o n f i n e d  t o  t h e  f i r s t  s e c t i o n ,  and t h a t  t h e  
r e m a i n d e r  o f  t h e  b o l e  g e n e r a l l y  shows a rough o v e r a l l  
a p p r o x i m a t i o n  t o  a p a r a b o l o i d  ( I . e . ,  a p p r o x i m a t e l y  l i n e a r ) ,  
I t  I s  d i f f i c u l t  t o  d e t e c t  much c o n s i s t e n c y  i n  shape .  Stem 
p r o f i l e s  o f  a d d i t i o n a l  samples  were  p l o t t e d  f o r  some o f  t h e  
l o c a l i t i e s  t o  check t h e  v a r i a t i o n  w i t h i n  and between s p e c i e s ,
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but  no r e a l  c o n s i s t e n c y  was f o u n d .  The deg r e e  o f  b u t t s w e l l  
n ot e d  I n  some cases  was such t h a t  t he  b u t t  s e c t i o n  would have  
been c o n s i d e r a b l y  more concave  t h a n  a n e l l o l d ,  but  agal  n t h i s  
was f ound f o r  s e v e r a l  s p e c i e s  and I n c o n s i s t e n t l y  f o r  e a c h .
The p o s s i b i l i t y  was c o n s i d e r e d  t h a t  t r e e  shape was 
c o r r e l a t e d  w i t h  s t a n d  c o n d i t i o n s  and t h e r e f o r e  v a r i e d  w i t h  
f o r e s t  t y p e .  However  I t  was not  c o n s i d e r e d  w o r t h w h i l e  t o  
I n i t i a l l y  p r o du c e  s u f f i c i e n t  s tem p r o f i l e s  t o  c o v e r  t he  f u l l  
r ange  o f  s p e c i e s  and l o c a l i t i e s .  I t  was e x p e c t e d  t h a t  I f  any  
c o n s i s t e n t  t r e n d s  were  p r e s e n t  t h e y  would show up I n  l a t e r  
a n a l y s e s  and t h a t  I f  t h i s  o c c u r r e d  t h e  p r ob l em  c o u l d  t h e n  be 
r e - e x a m ! n e d .
( c )  The Volume C o m p u t a t i o n  Program
A computer  program f o r  c a l c u l a t i n g  t r e e  volumes was 
pr oduced  by S t age  e t  a j • ( 1 9 6 8 ) .  The program used S m a l I a n ' s  
f o r m u l a  f o r  each  s e c t i o n  e x c e p t  where t h e  d i a m e t e r  a t  t h e  t op  
o f  a s e c t i o n  exc ee de d  t he  l ower  d i a m e t e r ,  I n  wh ic h  case t h e  
volume was c a l c u l a t e d  f o r  a f r u s t u m  o f  an I n v e r t e d  cone .  A 
volume c a l c u l a t i o n  program d e s c r i b e d  by T u r n e r  ( 1 9 7 2 )  used  
N e w t o n ' s  f o r m u l a  f o r  lower  s e c t i o n s  and H u b e r ' s  f o r m u l a  f o r  
upper  s e c t i o n s .
I n  t h e  c a s e  o f  t h e  N o r t h e r n  T e r r i t o r y  d a t a  t he  
p o s s i b l e  methods o f  volume c a l c u l a t i o n  were l i m i t e d  by t h e  
q u a r t l l e  a r r a n g e m e n t  o f  d i a m e t e r  meas ur ement s .  N e wt o n ' s  
f o r m u l a  c o u l d  no t  be used I n  cases  where d i a m e t e r s  were
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u n e q u a l l y  s p a c e d ,  e i t h e r  a s  o r i g i n a l l y  m e a s u r e d  o r  a s  s u b ­
s e q u e n t l y  I n t e r p o l a t e d  f o r  a s s o r t m e n t  v o l u m e s .  Volumes  w e re  
t h e r e f o r e  c a l c u l a t e d  f o r  s e p a r a t e  f r u s t a  b e t w e e n  e a c h  p a i r  o f  
m e a s u r e m e n t s ,  a s s u m i n g  a n e l l o l d  f o r  t h e  b u t t  s e c t i o n  a nd  a 
p a r a b o l i c  s h a p e  f o r  t h e  r e m a i n d e r .  A l t h o u g h  t h i s  d i d  n o t  
s ee m t o  be a f u l l y  s a t i s f a c t o r y  e x p r e s s i o n  o f  t h e  r a n g e  o f  
b o l e  s h a p e s  I n  F i g u r e  5 . 1  I t  was n o t  p o s s i b l e  t o  d e v e l o p  a 
b e t t e r  a l t e r n a t i v e  w i t h  t h e  s m a l l  number  o f  m e a s u r e m e n t  
p o l n t s  f o r  e a c h  t r e e .
G r o s s  m e r c h a n t a b l e  u n d e r b a r k  v o l ume  was c a l c u l a t e d  
f r o m  t h e  m e a s u r e m e n t s  r e c o r d e d  f o r  e a c h  t r e e .  F o r  some o f  
t h e  s m a l l e s t  t r e e s  t h e  v o l u m e s  I n c l u d e d  s t e m  s e c t i o n s  o f  v e r y  
s m a l l  d i a m e t e r s  f o r  t h i s  r e a s o n  v o l u m e s  t o  v a r i o u s  s m a l l  e n d  
d . u . b . s  we r e  a l s o  c a l c u l a t e d  by i n t e r p o l a t i o n ,  t o g e t h e r  w i t h  
e s t i m a t e s  o f  I n t e r n a l  d e f e c t  v o l u m e .
Two o t h e r  v a l u e s  w er e  a l s o  p r o d u c e d  f o r  e a c h  s a m p l e  
t r e e ,  f o r  p o s s i b l e  u s e  I n  . l a t e r  a n a l y s e s .  An a v e r a g e  
u n d e r b a r k  t o  o v e r b a r k  s e c t i o n a l  a r e a  r a t i o  a t  b r e a s t  h e i g h t  
was c a l c u l a t e d  f r o m  t h e  two  n e a r e s t  d i a m e t e r  and b a r k  
t h i c k n e s s  m e a s u r e m e n t s ,  w e i g h t e d  by t h e i r  c l o s e n e s s  t o  b r e a s t  
h e i g h t .  And a n  a v e r a g e  r a t e  o f  u n d e r b a r k  t a p e r  ( I n  s q u a r e  
m e t r e s  o f  s e c t i o n a l  a r e a  p e r  m e t r e  o f  l e n g t h )  was c a l c u l a t e d  
f o r  t h e  u p p e r  t h r e e  s e c t i o n s  o f  e a c h  t r e e .
PART I  IB : DEVELOPMENT OF VOLUME MODELS
CHAPTER 6 : METHODS OF VOLUME TABLE CONSTRUCTION
A number o f  d i f f e r e n t  methods o f  c o n s t r u c t i n g  
volume t a b l e s  a r e  a v a l l a b l e * -
( l )  GRAPHICAL METHODS
G r a p h i c a l  methods o f  vo lume t a b l e  c o n s t r u c t i o n ,  
such as t h e  f i t t i n g  of  harm onised  c u r v e s  and th e  use o f  
a l i g n m e n t  c h a r t s ,  a r e  d e s c r i b e d  by Graves ( 1 9 1 4 ) ,  Chapman 
( 1 9 2 1 ) ,  C a r r o n  ( I 9 6 0 )  and o t h e r s *  t h e y  w l 11 n o t  be d is c u s s e d  
I n  d e t a i l  h e r e .  F o r  w h i l e  g r a p h i c a l  methods have some 
a d v a n ta g e s  ( S p u r r ,  1952;  Cromer and C a r r o n ,  1 9 5 6 ) ,  th e  
d i s a d v a n t a g e s  f a r  o u t w e ig h  them.  The d i s a d v a n t a g e s  o f  g r a p h ­
i c a l  methods a r e  t h a t  t h e y  a r e  s u b j e c t i v e  and r e q u i r e  c o n s i d ­
e r a b l e  e x p e r i e n c e  t o  a c h i e v e  s a t i s f a c t o r y  r e s u l t s  ( S p u r r ,  
1 9 5 2 ) .  F i n a l l y  and most I m p o r t a n t l y ,  t h e r e  no s t a t  I s t  I ca  11y 
v a l i d  methods o f  d e t e r m i n i n g  t h e  p r e c i s i o n  o f  volume e s t i m ­
a t e s  g i v e n  by t h e  t a b l e s .
( I I )  STATISTICAL METHODS
The a d v a n t a g e s  o f  s t a t i s t i c a l  methods o f  volume  
t a b l e  c o n s t r u c t i o n  I n c l u d e  o b j e c t i v i t y  and t h a t  s t a t  I s t i ca  11y 
v a l i d  e s t i m a t e s  o f  p r e c i s i o n  can  be o b t a i n e d .  S t a t i s t i c a l
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methods I n c l u d e  t h e  f i t t i n g  o f  l i n e a r  and non-rl  I n e a r  r e g r e s ­
s i o n s  t o  t r e e  measurement  d a t a  by r e g r e s s i o n  a n a l y s i s -  Tr ee  
volume t a b l e s  can be c o n s t r u c t e d  I n  t h i s  way f rom t h e  d i r e c t  
f i t t i n g  of  t r e e  volume e q u a t i o n s  or  I n d i r e c t l y  f rom t a p e r  
f u n c t I o n s .
( a )  Taper  F u n c t i o n s
Taper  f u n c t i o n s  a r e  used t o  e x p r e s s  t h e  a v e r a g e  
stem p r o f i l e  o f  a p o p u l a t i o n  o f  t r e e s -  The usual  t y p e  o f  
r e l a t i o n s h i p  e x p r e s s e s  r e l a t i v e  d i a m e t e r  a l o n g  t h e  stem as a 
f u n c t i o n  o f  r e l a t i v e  h e i g h t -  Once t h e  r e l a t i o n s h i p  I s  
d e t e r m i n e d  t h e  volume f o r  a g i v e n  d - b . h .  and t o t a l  h e i g h t  can  
be c a l c u l a t e d  as a s o l i d  o f  r e v o l u t i o n -
Behre  ( 1 9 2 3 ,  1927)  d e v e l o p e d  t a p e r  f u n c t i o n s  f o r  a 
l a r g e  number o f  N o r t h e r n  Hemi sphere  c o n i f e r s  and a l s o  r e f e r ­
r ed  t o  e a r l i e r  work by H ö j e r  and Jonson.  He used a s i m p l e  
h y p e r b o l a  o f  t h e  f o r m
y = x / ( b Q + b 1x )
where y I s  t h e  r a t i o  o f  t h e  d i a m e t e r  a t  d i s t a n c e  x f rom t h e  
t i p  t o  “ n o r m a l "  d - b - h - ,  t h e  d i s t a n c e  x be i ng  e x p r e s s e d  as a 
p e r c e n t a g e  o f  t o t a l  h e i g h t  above b r e a s t  h e i g h t -  However ,  
l i k e  t h e  o t h e r  w o r k e r s  he c i t e d ,  Behre  a c h i e v e d  t h i s  deg r e e  
o f  s i m p l i c i t y  o n l y  by g r a p h i c a l l y  e l i m i n a t i n g  t h e  e f f e c t  o f  
b u t t s w e l l  f r o m e ac h  stem p r o f i l e  t o  o b t a i n  " n o r m a l "  r a t h e r  
t h a n  a c t u a l  d - b - h .
The c o m p l e x i t y  o f  stem shape was a l l o w e d  f o r  by
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M a t t e  ( 1 9 4 9 )  w i t h  a t a p e r  f u n c t i o n  f o r  l o b l o l l y  p i n e  which  
had an I n f l e c t i o n  p o i n t  t o  s i m u l a t e  b u t t s w e l l .  H is  e q u a t i o n  
was
y 2 -  x 4 = bQ( x 3 -  X 4 ) + b ] ( x 2 -  x 4 ) 
where x and y were s i m i l a r  v a r i a b l e s  t o  t h o se  used by B e h r e ,  
e x c e p t  t h a t  a c t u a l  r a t h e r  t h a n  " n o r m a l "  d . b . h .  was used i n  y.
Bruce  e t  a j .  ( 1 9 6 8 )  d e v e l o p e d  an e x t r e m e l y  complex  
t a p e r  f u n c t i o n  I n  an a t t e m p t  t o  a c c u r a t e l y  r e f l e c t  t h e  
a v e r a g e  shape of  red  a l d e r ,  w i t h  t e r ms  In  d i a m e t e r ,  h e i g h t  
and r e l a t i v e  h e i g h t  ( up  f rom b r e a s t  h e i g h t ,  r a t h e r  t h a n  down 
f rom t h e  t i p )  t o  t h e  powers 1 . 5 ,  3 ,  32 and 40 r e s p e c t i v e l y .  
However  Kozak e£ a j • ( 1 9 6 9 )  used a s i m p l e  p a r a b o l i c  f u n c t i o n  
of  t h e  form
y = bQ + b 1x + b2x 2
wh i ch  t h e y  f ound t o  be o n l y  s 1 I g h t 1y . 1 ess a c c u r a t e  t h a n  f a r  
more complex  e q u a t i o n s .  T h e i r  s i m p l e  e q u a t i o n  was used by 
D e ma er scha lk  ( 1 9 7 1 )  t o  p r o du c e  t r e e  volume e q u a t i o n s  and 
f a c t o r s  f o r  o b t a i n i n g  volume e s t i m a t e s  f rom p o i n t  s a m p l i n g .
The more complex methods o f  m u l t i v a r i a t e  a n a l y s i s  
o f  t r e e  t a p e r  used by F r i e s  ( 1 9 6 5 )  and F r i e s  and M a t e r n  
( 1 9 6 5 )  were a l s o  f ound  by Kozak and S m i t h  ( 1 9 6 6 )  t o  be . l i t t l e  
b e t t e r  t h a n  t h e  use o f  s i m p l e  f u n c t i o n s ,  s o r t i n g  and g r a p h ­
i c a l  methods f o r  a n a l y s i s  o f  t r e e  t a p e r .  Grosenbaugh ( 1 9 6 6 )  
a l s o  s u g g e s t e d  I n  a s t u d y  o f  stem form t h a t  t h e  use o f  
complex f u n c t i o n s  t o  d e f i n e  stem shape was u n w a r r a n t e d  and 
l a c k e d  g e n e r a l i t y .  De ma e rs cha l k  ( 1 9 7 2 ,  1973)  and Munro and 
De ma er scha lk  ( 1 9 7 4 )  a l s o  a d v o c a t e d  t h e  use o f  r e l a t i v e l y
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s i m p l e  t a p e r  f u n c t i o n s .
Taper  r e g r e s s i o n s  were used f o r  r a i n  f o r e s t  s p e c i e s  
I n  Su r i nam by Nash ( 1 9 7 3 ) ,  and by J . E .  Ople  ( p e r s .  comm.) f o r  
e u c a l y p t s  I n  V i c t o r i a .  A c c o r d i n g  t o  Bruce e_£ a j .  ( I 9 6 0 )  t h e  
a d v a n t a g e s  of  d e v e l o p i n g  t a p e r  f u n c t i o n s  l i e  I n  t h e  ease  o f  
o b t a i n i n g  volumes t o  d i f f e r e n t  smal l  end d i a m e t e r s  and I n  t h e  
I n t e r n a l  s e 1f - c o n s I s t e n c y  o f  t h e s e  d i f f e r e n t  e s t i m a t e s .  As 
no t ed  by Grosenbaugh ( 1 9 6 6 ) ,  t h e  dev e l opment  of  complex t a p e r  
f u n c t i o n s  may l ac k  g e n e r a l i t y ;  however  a s i m p l e  f u n c t i o n  used 
by Kozak e t  a j .  ( 1 9 6 9 )  showed s y s t e m a t i c  b i a s  a t  d i f f e r e n t  
h e i g h t s  and would have y i e l d e d  b i a s e d  e s t i m a t e s  o f  a s s o r t m e n t  
v o l um es .
Taper  f u n c t i o n s  a r e  o b v i o u s l y  most a p p l i c a b l e  w i t h ­
i n  I n d i v i d u a l  s p e c i e s  o f  r e l a t i v e l y  u n i f o r m  s h a pe ,  and most  
s u c c e s s f u l  when t h e r e  a r e  s u f f i c i e n t  measurement  p o i n t s  on 
each  t r e e  t o  a d e q u a t e l y  d e f i n e  t h e  s tem p r o f i l e .  Because o f  
t h e  h i g h l y  v a r i a b l e  stem shapes found I n  t he  N o r t h e r n  
T e r r i t o r y  d a t a  and t h e  sm a l l  number o f  d i a m e t e r  measurements  
t a k e n  on e a c h  t r e e  t h e  use o f  t a p e r  f u n c t i o n s  was not  
a d o p t e d .  I t  was assumed t h a t  l e s s  e r r o r  would a r i s e  f rom  
us i ng  t h e  a c t u a l  measur ement s ,  and assuming a p a r t i c u l a r  
g e o m e t r i c  shape between o n l y  two measurements a t  a t i m e ,  t h a n  
f rom a t t e m p t i n g  t o  f i t  a s i n g l e  c o n t i n u o u s  f u n c t i o n  t o  t h e  
s m al l  number o f  p o i n t s  on e ac h  p r o f i l e .
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( b )  Tree  Volume E q u a t io n s
T w o - v a r i a b l e  t r e e  volume e q u a t i o n s  e x p re s s  t r e e  
volume as a f u n c t i o n  o f  d i a m e t e r  and h e i g h t ,  w i t h  c o e f f ­
i c i e n t s  e s t i m a t e d  by th e  method o f  l e a s t  s q u a r e s .  Many 
s i m p le  and m u l t i p l e  l i n e a r  r e g r e s s i o n  models have been 
d e v e lo p e d ,  and more r e c e n t l y  n o n - ! I  n e a r  r e g r e s s i o n s  have a l s o  
been used.
L i n e a r  R e g r e s s i o n
C o n s t r u c t i o n  of t w o - v a r i a b l e  t r e e  volume t a b l e s  by 
l e a s t  s q u a r e s  I n v o l v e s  th e  f i t t i n g  o f  r e g r e s s i o n  e q u a t i o n s  
w i t h  volume ( o r  some f u n c t i o n  o f  I t )  as th e  dependent-  
v a r i a b l e  and v a r i o u s  f u n c t i o n s  o f  d i a m e t e r  and h e i g h t  as th e  
I n d e p e n d e n t  v a r i a b l e s .  L i n e a r  r e g r e s s i o n  has beeen used f o r  
volume t a b l e  c o n s t r u c t i o n  s i n c e  Schumacher  and H a l l  ( 1 9 3 3 )  
f i r s t  d e v e lo p e d  ” . . .  a t h e o r y  b e a r i n g  on t h e  m a t h e m a t ic a l  
e x p r e s s i o n  o f  t r e e  v o lu m e s ” . Some o f  t h e  more commonly used 
t r e e  volume e q u a t i o n s  i n c l u d e :
-  l o g a r i t h m i c  (Schumacher  and H a l l ,  1 9 3 3 ) :
log V = bQ + bj log D + b2 log  H
-  c o m b i n e d - v a r i a b l e  ( S t o a t e ,  1 9^ 5 ;  S p u r r ,
1 9 5 2 ) :
V = b0 + b , D 2 H
-  A u s t r a l i a n  ( S t o a t e ,  1 9 ^ 5 ) :
V = b0 + b, D2 + b2 n + b3D2H
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R e g r e s s i o n  m o d e l s  c a n  a l s o  be p r o d u c e d  by  a u t o m a t i c  
s e l e c t i o n  f r o m  a s e t  o f  v a r i a b l e s  t o  d e v e l o p  t h e  e q u a t i o n  o f  
b e s t  f i t .  D r a p e r  and  S m i t h  ( 1 9 6 6 )  l i s t  t h e  f o l l o w i n g  
m e t h o d s *  combi  n a t o r  I a 1 s c r e e n i n g  o f  a l l  p o s s i b l e  c o m b i n a t i o n s  
( e . g . ,  G r o s e n b a u g h ,  1958 ,  1967? and  more r e c e n t  d e v e l o p m e n t s  
s u c h  as F u r n i v a l  and W i l s o n ,  1 9 7 * 0 ;  b a c k w a r d  e l i m i n a t i o n  o f  
n o n - s i g n i f i c a n t  v a r i a b l e s  f r o m  a c o m p l e t e  model  ( e . g . ,  Kozak  
and S m i t h ,  1965» M a r t i n ,  1 9 7 1 ) ;  f o r w a r d  s e l e c t i o n  o f  t h e  most  
s i g n i f i c a n t  v a r i a b l e s  t o  b u i l d  up t h e  model  " f r o m  b e l o w "  
( e . g . ,  F r e e s e ,  196 4 ;  L a w r e n c e ,  1 9 6 5 ) ;  and  s t e p w i s e  r e g r e s s i o n  
-  a g a i n  b u i l d i n g  up f r o m  b e l o w ,  b u t  r e e x a m i n i n g  e a c h  v a r i a b l e  
a t  e v e r y  s t a g e  t o  t e s t  t h e  e f e c t s  o f  l a t e r  v a r i a b l e s  on t h o s e  
I n t r o d u c e d  e a r l i e r .  The l a s t  m e th o d  I s  recommended as t h e  
b e s t  by D r a p e r  and S m i t h ,  b u t  t h e y  and o t h e r s  ( e . g . ,  F r e e s e ,  
196 4 ;  Kozak  and  S m i t h ,  1965)  e m p h a s i s e  t h e  d a n g e r s  o f  
e x c e s s i v e  r e l i a n c e  on a u t o m a t i c  s e l e c t i o n  p r o c e d u r e s *  t h e y  
s t r e s s  t h e  need f o r  Judg me n t  I n  t h e  i n i t i a l  s e l e c t i o n  o f  
v a r i a b l e s  and  c r i t i c a l  e x a m i n a t i o n  o f  t h e  m ode l s  p r o d u c e d .
S t a t i s t i c a l  A s s u m p t i o n s  i n  L i n e a r  R e g r e s s i o n
The m a t h e m a t i c a l  b a s i s  f o r  t h e  me thod  o f  l e a s t  
s q u a r e s  I s  g i v e n  by  W i l k s  ( 1 9 6 2 ) ,  D r a p e r  and S m i t h  ( 1 9 6 6 )  and 
o t h e r s .  The u n d e r l y i n g  a s s u m p t i o n s  a r e  ( F r e e s e ,  1964 ,  1 9 6 7 ) *
( I )  t h e  v a r i a n c e  o f  t h e  d e p e n d e n t  v a r ­
i a b l e  I s  t h e  same a t  a l l  l e v e l s  o f  t h e  I n d e p e n d e n t
v a r I  ab 1 es  ;
70
( I I )  t h e  e r r o r s ,  or  d e p a r t u r e s  f rom t h e  
r e g r e s s i o n ,  of  t h e  sample o b s e r v a t i o n s  a r e  I n d e ­
pendent  ;
( I I I )  t h e  v a r i a t i o n  o f  t h e  dependent  v a r ­
i a b l e  about  the  r e g r e s s i o n  s u r f a c e  f o l l o w s  a normal  
d i s t r i b u t i o n  ( n e c e s s a r y  o n l y  f o r  h y p o t h e s i s  t e s t ­
i n g ) .
Assumpt ion  ( I ) .  The a ss u mp t i o n  o f  homogeneous 
v a r i a n c e  or  homoscedast I  c l t y  I s  a l m o s t  a l ways  I n v a l i d  w i t h  
volume t a b l e  d a t a .  T r ees  w i t h  l a r g e r  d i a m e t e r  and h e i g h t  
measurements u s u a l l y  show more v a r i a t i o n  I n  volume t h an  t r e e s  
of  s m a l l e r  d i m e n s i o n s ;  even where t h e  c o e f f i c i e n t  o f  v a r i ­
a t i o n  I s  s i m i l a r  f o r  b o t h  smal l  a n d . l a r g e  t r e e s  t h e  l e v e l  o f  
v a r i a t i o n  I n  a b s o l u t e  terms I s  s t i l l  c o n s i d e r a b l y  d i f f e r e n t .  
Methods of  t e s t i n g  f o r  h e t e r o g e n e i t y  o f  v a r i a n c e  a r e  d i s ­
cussed I n  C h a p t e r  7*
We i ght ed  r e g r e s s i o n  a n a l y s i s  can g i v e  more p r e c i s e  
e s t i m a t e s  o f  t h e  c o e f f i c i e n t s  t h a n  o r d i n a r y  u nw e i gh t e d  r e g ­
r e s s i o n  f i t t i n g ,  when t he  v a r i a n c e  I s  h e t e r o g e n e o u s  ( F r e e s e ,  
1 9 6 4 ) .  Unwe i ght ed  r e g r e s s i o n  a n a l y s i s  under  t h e s e  c i r c u m ­
s t a n c e s  may a l s o  produce  b i a s e d  e s t i m a t e s  o f  volume f o r  t he  
s m a l l e s t  t r e e s  I n  t h e  d a t a  ( G i b s o n  and Webb, 1968;  E v e r t ,  
1 9 6 9 b ) .  W e i g ht e d  r e g r e s s i o n  a n a l y s i s  I n v o l v e s  w e i g h t i n g  each  
o b s e r v a t i o n  by t h e  I n v e r s e  o f  I t s  e s t i m a t e d  s t a n d a r d  d e v i ­
a t i o n  abo ut  t h e  r e g r e s s i o n  s u r f a c e .  The method I s  d e s c r i b e d  
by F r e e s e  ( 1 9 6 4 ) ,  C u n la  ( 1 9 6 4 )  and o t h e r s .  A p p l i c a t i o n  t o
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t h e  N o r t h e r n  T e r r i t o r y  d a t a  I s  d i s c u s s e d  I n  C h a p t e r  7-
T r a n s f o r m a t I  ons t o  t h e  dependent  v a r i a b l e  ( e . g . ,  
log ( V )  used I n  p l a c e  of  V) can a l s o  be used t o  Improve t h e  
homogene i ty  o f  v a r i a n c e .  However ,  as d i s c u s s e d  I n  C h a p t e r  7 ,  
t r a n s f o r m a t i o n s  of  t h i s  t y p e  may I n t r o d u c e  b i a s  I n t o  t h e  
mode 1.
As sumpt ion  ( I I ) .  The a s s u m p t i o n  o f  I n d e p e n d -  
ence o f  e r r o r s  may a l s o  be I n v a l i d  f o r  t r e e  volume d a t a  I n  
some c a s e s ,  e s p e c i a l l y  where t h e  measurements I n  t h e  sample  
a r e  t a k e n  on c l u s t e r s  o f  t r e e s  w i t h i n  p l o t s ,  r a t h e r  t h a n  on 
I n d i v i d u a l  t r e e s  rando ml y  d i s t r i b u t e d  t h r o u g h o u t  t h e  p o p u l a ­
t i o n .  O b s e r v a t i o n s  on c o n t i g u o u s  t r e e s  may e x h i b i t  some 
deg re e  o f  I n t e r c o r r e 1 a t  I on,  because o f  s i m i l a r  s i t e  f a c t o r s  
or  g e n e t i c  s i m i l a r i t i e s .  Model I n a d e q u a c y  o r  ml sspecl  f i  c a ­
t i o n  ( Wo n n a c o t t  and W onna c ot t ,  1970)  may a l s o  cause s ys t e m ­
a t i c  d e p a r t u r e s  f r o m t h e  r e g r e s s i o n  s u r f a c e  wh i ch  a r e  s e r i ­
a l l y  c o r r e l a t e d .  A l l  s e r i a l  c o r r e l a t i o n  can be c o n s i d e r e d  t o  
r e s u l t  f ro m m l s s p e c l f I c a t l o n ,  I n  t h a t  I t  r e s u l t s  f rom some 
s o u rc e  o f  v a r i a t i o n  n o t  a l l o w e d  f o r  by t h e  r e g r e s s i o n  model ,  
but  I t  may no t  a l wa ys  be p o s s i b l e  t o  q u a n t i f y  t h i s  v a r i a t i o n  
and I n c l u d e  I t  I n  t h e  model .
I f  o r d i n a r y  l e a s t  squar es  methods a r e  a p p l i e d  I n  
t he  case  where s i g n i f i c a n t  s e r i a l  c o r r e l a t i o n  I s  p r e s e n t  t h e  
e s t i m a t e s  o f  t h e  r e g r e s s i o n  c o e f f i c i e n t s  w i l l  have . l a r g e r  
s a m p l i n g  v a r i a n c e s  t h a n  f o r  c o m p l e t e l y  random d a t a  ( E z e k i e l  
and Fox ,  1 9 5 9 ) .  The p r e c i s e  forms o f  t h e  F - t e s t s  d e r i v e d  f o r
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l i n e a r  r e g r e s s i o n  models w i l l  a l s o  be i n v a l i d  ( J o h n s t o n ,  
1963)2  t h i s  p o i n t  I s  p a r t i c u l a r l y  r e l e v a n t  t o  t h e  c o v a r i a n c e  
a n a l y s e s  d e s c r i b e d  I n  C h a p t e r  8 ,  Methods o f  t e s t i n g  f o r
s e r i a l  c o r r e l a t i o n  a r e  d i s c u s s e d  I n  C h a p t e r  7 .
S u gges t ed  a pp ro aches  w i t h  s e r i a l l y  c o r r e l a t e d  d a t a  
I n c l u d e  c o r r e c t i o n s  t o  t h e  e r r o r  f o r m u l a e  used f o r  c o m p l e t e l y  
random d a t a ,  o r  t h e  use o f  f i r s t  d i f f e r e n c e s  I n  p l a c e  o f  t he  
o r i g i n a l  v a l u e s  ( E z e k i e l  and F ox ,  1 9 5 9 ) .  The s i m p l e s t  
a p p ro a ch  f o r  t r e e  volume d a t a  e x h i b i t i n g  s i g n i f i c a n t  s e r i a l  
c o r r e l a t i o n  -  assuming t h a t  I t  c a n no t  be e l i m i n a t e d  by 
I m p r o v i n g  model spec I f i c a t  I on -  i s  t o  r andoml y  c u l l  t h e  d a t a  
t o  r educe  any e f f e c t  o f  c l u s t e r i n g  wh i ch  may be p r e s e n t .
Assumpt ion  ( I I I ) .  A normal  d i s t r i b u t i o n  of  
r e s i d u a l s  I s  not  r e q u i r e d  f o r  u nb ias ed  e s t i m a t e s  of  t h e  
r e g r e s s i o n  c o e f f i c i e n t s ,  bu t  i s  r e q u i r e d  f o r  comput i ng  con­
f i d e n c e  l i m i t s  w i t h  t h e  usual  e r r o r  f o r m u l a e  and f o r  c a r r y i n g  
out  F - t e s t s  ( F r e e s e ,  196^;  D r a p e r  and S m i t h ,  1 9 6 6 ) .  S i n c e  
t h i s  a s s u m p t i o n  I s  a l s o  h i g h l y  r e l e v a n t  t o  t h e  subsequent  
a n a l y s e s ,  methods o f  t e s t i n g  f o r  s i g n i f i c a n t  d e p a r t u r e s  f rom  
n o r m a l i t y  a r e  d e s c r i b e d  I n  C h a p t e r  7 .
When t h e  d i s t r i b u t i o n  i s  not  n o r m a l ,  a s u i t a b l e  
t r a n s f o r m a t i o n  o f  t h e  dependent  v a r i a b l e  can somet imes be 
used t o  a c h i e v e  n o r m a l i t y  ( A c t o n ,  1 9 5 9 ) .  However t h i s  can  
produce  b i a s  I n  a p r e d i c t i v e  mode l ,  as d i s c u s s e d  I n  C h a p t e r  
7 .  A c c o r d i n g  t o  Sokal  and R o h l f  ( 1 9 6 9 ) ,  t he  consequences of  
n o n n o r m a l i t y  a r e  not  t o o  s e r i o u s  and o n l y  a v e r y  skewed
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d i s t r i b u t i o n  would  h a v e  a m a r k e d  e f f e c t  on t h e  s i g n i f i c a n c e  
l e v e l  o f  a n  F - t e s t .
N o n - l i n e a r  R e g r e s s i o n
L i n e a r  r e g r e s s i o n  m o d e l s  mu s t  be l i n e a r  i n  t h e  
p a r a m e t e r s *
Y — bQ + b 1X1 + h j X j  + • • •  + bn Xn 
N o n - l i n e a r  m o d e l s  a r e  n o n - l i n e a r  I n  t h e  p a r a m e t e r s ,  a s  I n  t h e  
e x a m p l e *
y = e b^o*bix)
Compl ex  l i n e a r  r e g r e s s i o n  m o d e l s  may i n  some c a s e s  
r e p r e s e n t  a p p r o x i m a t i o n s  t o  a s i m p l e  f u n c t i o n a l  r e l a t i o n s h i p  
o f  n o n - l i n e a r  form* D r a p e r  a nd  S m i t h  ( 1 9 6 6 )  s t a t e *  "When we 
a r e  l e d  t o  a  model  o f  n o n - l i n e a r  f o r m ,  we s h o u l d  u s u a l l y  
p r e f e r  t o  f i t  s u c h  a model  w h e n e v e r  p o s s i b l e ,  r a t h e r  t h a n  t o  
f i t  a n  a l t e r n a t i v e ,  p e r h a p s  l e s s  r e a l i s t i c ,  l i n e a r  m o d e l . "
An e a r l y  e x a m p l e  o f  a  n o n - l i n e a r  model  f o r  v o l ume  
t a b l e  c o n s t r u c t i o n  was S c h u m a c h e r  and  H a l l ' s  ( 1 9 3 3 )  b a s i c  
e q u a t I  on*
V = bQDbl Hb2
B e c a u s e  t h i s  model  i s  o f  t h e  t y p e  d e s c r i b e d  by D r a p e r  and  
S m i t h  ( 1 9 6 6 )  a s  " I n t r i n s i c a l l y  l i n e a r " ,  I t  c a n  be c o n v e r t e d  
t o  l i n e a r  f o r m  by a l o g a r i t h m i c  t r a n s f o r m a t i o n  t o  g i v e  t h e  
v o l ume  e q u a t i o n  m e n t i o n e d  e a r l i e r *
log  V = l o g  bQ + b 1 1 og D + b 2 l og  H 
The a d d i t i o n  o f  a c o n s t a n t  t e r m  t o  t h e  b a s i c  model  ( e . g . ,
7h
T u r n e r ,  1972)  g i v es  a form whi ch  I s  I n t r i n s i c a l l y  n o n - r l l n e a r  
and wh i ch  c a n n o t  be t r a n s f o r m e d  I n t o  a . l i n e a r  f o rm-
V = bQ + b, Db2 H b3
Models o f  t h i s  t y pe  c a n no t  be f i t t e d  by . 1 I near  r e g r e s s i o n  
a n a l y s i s .  I n s t e a d ,  t h e  p a r a m e t e r s  must be e s t i m a t e d  by 
I t e r a t i v e  methods ( W i l l i a m s ,  1959 ;  D r a p e r  and S m i t h ,  1 9 6 6 ) ,  
as d i s c u s s e d  I n  C h a p t e r  8 .
N o n - I I  near  r e g r e s s i o n  t h e o r y  I s  no t  as w e l l  d e v e l ­
oped as l i n e a r  r e g r e s s i o n  t h e o r y .  Development  has c on c e n ­
t r a t e d  on I m p r o v i n g  methods o f  f i t t i n g  r e g r e s s i o n s  ( M a r ­
q u a r d t ,  1963;  Ba rd ,  1967)  and on c o n f i d e n c e  I n t e r v a l s  o f  t h e  
e s t i m a t e d  p a r a m e t e r s  ( B e a l e ,  I 9 6 0 ;  D r a p e r  and S m i t h ,  1 9 6 6 ) ,  
but  t h e  l i t e r a t u r e  does no t  seem t o  d ea l  w i t h  t o p i c s  such as 
c o n f i d e n c e  I n t e r v a l s  f o r  p r e d i c t i o n s  or  g e n e r a l  h y p o t h e s i s  
t e s t i n g .  I t  was d e c i d e d  t o  use l i n e a r  r e g r e s s i o n  methods f o r  
p r e l i m i n a r y  model d ev e lo p me nt  and t e s t i n g  f o r  d i f f e r e n c e s  
w i t h i n  t h e  d a t a ,  and t o  i n t r o d u c e  and e v a l u a t e  non - T l In ea r  
r e g r e s s i o n s  o n l y  d u r i n g  f i n a l  model d e v e l o p m e n t .
The a p p l i c a t i o n  o f  l i n e a r  r e g r e s s i o n s  I s  d i s c u s s e d  
I n  C h a p t e r  7 and of  n o n - l i n e a r  r e g r e s s i o n s  I n  C h a p t e r  8 .
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CHAPTER 7 2 LINEAR REGRESSION MODELS
A n a l y s i s  o f  th e  N o r t h e r n  T e r r i t o r y  d a t a  I n v o l v e d  
t h e  d o u b le  p ro b le m  o f  how t o  s u b d i v i d e  th e  d a t a  and w h ich  
r e g r e s s i o n  model or  models were most s u i t a b l e .  The prob lem s  
were I n t e r d e p e n d e n t  I n  t h a t  f i n a l  r e g r e s s i o n  models c o u ld  be 
d e v e lo p e d  o n l y  a f t e r  t h e  d a t a  g r o u p in g s  had been e s t a b l i s h e d ,  
but  a t  th e  same t im e  t h e  t e s t i n g  n e c e s s a r y  f o r  d e t e r m i n i n g  
t h e  g r o u p in g s  r e q u i r e d  th e  use o f  r e g r e s s i o n  m odels .  The 
a p p ro a c h  t a k e n  I n  t h i s  s tu d y  was t o  d e v e lo p  a l i n e a r  model 
w hic h  gave a r e a s o n a b l y  good f i t  t o  t h e  d a t a ,  use t h i s  model 
t o  d e t e r m in e  d a t a  g r o u p i n g s ,  and t h e n  d e v e lo p  f i n a l  models on 
t h e s e  g r o u p i n g s .
( I )  DEVELOPMENT OF PRELIMINARY MODELS
The c h o ic e  o f  the  a p p r o p r i a t e  model I s  t h e  most 
I m p o r t a n t  d e c i s i o n  I n  r e g r e s s i o n  a n a l y s i s .  As no ted  by 
D r a p e r  and S m i th  ( 1966 ) ,  th e  use o f  an I n a p p r o p r i a t e  r e g r e s ­
s i o n  model w i l l  I n t r o d u c e  b i a s ,  even when t h e  u n d e r l y i n g  
assu m p t io n s  of  homogeneous v a r i a n c e  and I n d e p e n d e n t ,  n o r m a l l y  
d i s t r i b u t e d  e r r o r s  a r e  s a t i s f i e d .  I n  f a c t ,  as d is c u s s e d  
. l a t e r ,  model In a d e q u a c y  can of I t s e l f  c o n t r i b u t e  t o  t h e  
v i o l a t i o n  o f  t h e s e  a s s u m p t io n s .
Model d e v e lo p m e n t  f o r  t h e  N o r t h e r n  T e r r i t o r y  d a t a  
i n v o l v e d  more th a n  t h e  p r o d u c t i o n  o f  a s i n g l e  s a t i s f a c t o r y  
model f o r  one homogeneous d a ta  s e t .  Some d e g re e  o f  g e n e r a l ­
i t y  ac ro s s  a l l  d a t a  s e t s  was d e s i r a b l e  t o  s i m p l i f y  com par-
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I sons  between s p e c i e s  and l o c a l i t i e s .
The d a t a  were p a r t i t i o n e d  f i r s t  by . l o c a l i t y ,  and 
t h e n  by s p e c i e s  w i t h i n  each l o c a l i t y .  I t  was assumed t h a t  I f  
t h e r e  were I n  f a c t  no s i g n i f i c a n t  d i f f e r e n c e s  between s p e ­
c i e s ,  o r  be t ween  l o c a l i t i e s  w i t h i n  a s p e c i e s ,  t h i s  would show 
up I n  l a t e r  a n a l y s e s  and t h e  d a t a  c o u l d  t h e n  be a p p r o p r i a t e l y  
r e co mb l ne d .
( a )  L i n e a r  R e g r e s s i o n  Models
G e n er a l  d i s c u s s i o n s  o f  model de v e l opm ent  a r e  g i v e n  
by F r e e s e  ( 1 9 6 4 )  and D r a p e r  and S m i t h  ( 1 9 6 6 ) .  R e g r e s s i o n  
models f o r  volume t a b l e s  have been d ev e l o p e d  by a number o f  
methods ,  I n c l u d i n g  a t t e m p t s  a t . l o g i c a l  d ev e l opment  f rom known 
r e l a t i o n s h i p s ,  c o m p a r a t i v e  t r i a l s  o f  d i f f e r e n t  models f rom  
t h e  l i t e r a t u r e  and t h e  use o f  compu te r  programs t o  s e l e c t  t h e  
e q u a t i o n  o f  b e s t  f i t  f ro m a number o f  I n d e p e n d e n t  v a r i a b l e s .
Models p r opo sed  by Schumacher  and H a l l  ( 1 9 3 3 ) ,  
S t o a t e  ( 1 9 4 5 )  and S p u r r  ( 1 9 5 2 )  were m e nt io ned  I n  t h e  p r e v i o u s  
c h a p t e r .  A d d i t i o n a l  models p r oposed by o t h e r  wo r k er s  I n -  
c 1udeS
V = b, 0 + b2 02 + b3 DH + b4 D2 H ( M e y e r ,  19 4 4 )
V = bD + b, H + b2D2 H + b3 H2 + b4 D2 H2 ( S h i e l d ,  1965 )
V = D2 / ( b Q + b , / H )  ( H o n e r ,  1965)
O t h e r  models were d e v e l o p e d  by d i f f e r e n t  w o r k e r s .  
S p ur r  ( 1 9 5 2 )  used N o r t h  Amer ican  d a t a  t o  t e s t  13 d i f f e r e n t  
e q u a t i o n s  proposed by d i f f e r e n t  w o r k e r s ,  B r i d e  ( 1 9 6 1 )  t e s t e d
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15 d i f f e r e n t  e q u a t i o n s  on N i g e r i a n  d a t a ,  and G o l d i n g  and H a l l  
( 1 9 6 1 )  t e s t e d  25 e q u a t i o n s  w i t h  Ca n ad i an  s p e c i e s .  One s i m p l e  
model wh i ch  p e r f o r m e d  c o n s i s t e n t l y  w e l l  was t h e  combi ned-  
v a r i a b l e  e q u a t i o n .  Beers  and G i n g r i c h  ( 1 9 5 8 ) ,  S I m p f e n d o r f e r  
( 1 9 5 9 )  and G o l d i n g  and H a l l  ( 1 9 6 1 ) ,  a f t e r  c o m p a r a t i v e  t e s t s  
o f  d i f f e r e n t  mode l s ,  a l l  recommended t h e  c o m b i n e d - v a r i a b l e  as 
c o mb i n i ng  h i g h  p r e c i s i o n  w i t h  ease  o f  use ,  and Ba r n a rd  e t  
a j . ( 1 9 7 3 )  f ound I t  b e s t  f o r  s p e c i e s  f rom t h e  n o r t h - e a s t e r n  
U n i t e d  S t a t e s .  I t  was t h e  o n l y  model used by Smi th  and 
Breadon ( 1 9 6 4 )  f o r  B r i t i s h  Co lumbi a  s p e c i e s ,  and by A l l a n  e t  
a j . ( 1 9 7 4 )  f o r  smal l  t r e e s  I n  n o r t h e r n  I d a h o .  H I n d l e y  ( 1 9 7 3 )  
chose t h e  c o m b i n e d - v a r I a b l e  model f o r  t r o p i c a l  r a i n  f o r e s t  
s p e c i e s  I n  Sarawak a f t e r  " e x t e n s i v e  p r i o r  t e s t i n g  o f  v a r i o u s  
r e g r e s s i o n  t y p e s " .
( b )  Models f o r  t h e  N o r t h e r n  T e r r i t o r y  D a ta
A p r e 1 I m l n a r y  mode 1 was r e q u i r e d  w h i ch  would p r o ­
v i d e  a r e a s o n a b l y  good f i t  t o  a l l  d a t a  s e t s .  The c ombi ned -  
v a r i a b l e  e q u a t i o n  was chosen as t h e  s i m p l e s t  model  l i k e l y  t o  
p e r f o r m  w e l l ,  I n  v i e w  o f  r e s u l t s  r e p o r t e d  I n  t h e  l i t e r a t u r e .  
At t h e  same t i m e  I t  was r e a l i s e d  t h a t  t h i s  model would not  
n e c e s s a r i l y  be a d e q u a t e ,  because o f  p o s s i b l e  c u r v l 1i n e a r  11y  
I n t r o d u c e d  by t he  use o f  m e r c h a n t a b l e  volume r a t h e r  t h a n  
t o t a l  volume ( S p u r r ,  1 9 5 2 ) .  T h e r e f o r e  a r e l a t i v e l y  s i m p l e  
a l t e r n a t i v e  model  was d e v e l o p e d  f o r  c o m p a r a t i v e  t e s t i n g .  
S t a r t i n g  w i t h  t h e  c o m b i n e d - v a r I  ab 1e model ,  c o r r e c t i o n s  were  
made t o  a l l o w  f o r  t h e  e f f e c t  o f  us i ng  m e r c h a n t a b l e  l e n g t h  and
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m e r c h a n t a b l e  v o l u me ,  i n s t e a d  o f  t o t a l  h e i g h t  and t o t a l  
v o l u m e .  T e n t a t i v e  c o r r e c t i o n  t e r m s  w e r e  d e v e l o p e d  a s  f o l -
1 o v s  •
( a )  a s s u me  a c o r r e c t i o n  t o  m e r c h a n t a b l e  h e i g h t ,  
t o  a l l o w  f o r  I t  e n d i n g  a t  an  unknown s m a l l  e nd  d i a m e t e r  
I n s t e a d  o f  a t  t h e  t o p  o f  t h e  t r e e s  (H + c )
( b )  a s s u me  t h a t  t h i s  c o r r e c t i o n  t e r m  I s  r e l a t e d  
t o  t h e  unknown s m a l l  e n d  d i a m e t e r ,  t a k i n g  a .11 n e a r  
r e l a t i o n s h i p  f o r  s i m p l i c i t y ^  (H + b 0  + b^Dg)
( c )  a s s u me  a l i n e a r  r e l a t i o n s h i p  b e t w e e n  t h e
unknown s m a l l  e n d  d i a m e t e r  a n d  d . b . h * ,  w h i c h  e f f e c t i v e l y  
r e p l a c e s  D& w i t h  Ds (H + + b  ^ D)
( d )  s u b s t i t u t e  c o r r e c t e d  H f o r  H I n  t h e  
c o m b i n e d - v a r 1 a b  1e e q u a t i o n s
V = b0 + b ( D2 ( H + b'0 + b'  D )
w h i c h  e x p a n d s  t o s
V = b0 + b, DZH + bz D2 + b3 D3
/ /
S i m p l e r  v e r s i o n s  o f  t h i s  h y p o t h e s i s  ( c  = b f Ds  o r
/ /
c = bQ )  l e a d  t o s
V = b0 + b , D 2 H + ba 0 3
o r  V = b0 + b , D 2 H + b2 0 2
r e s p e c t  I v e 1y.
The p r e l i m i n a r y  m o d e l s  w e r e  t e s t e d  a n d  t h e  s t a t i s t ­
i c a l  a s s u m p t i o n s  c h e c k e d  on t h e  N o r t h e r n  T e r r i t o r y  d a t a ,  t o  
d e t e r m i n e  w h e t h e r  t h e  mo d e l s  f i t t e d  t h e  d a t a  s u f f i c i e n t l y
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v e i l  t o  be s u i t a b l e  f o r  use I n  c o v a r i a n c e  a n a l y s e s .  L i n e a r  
r e g r e s s i o n s  we re  f i t t e d  u s i n g  G r o s e n b a u g h ' s  ( 1 9 6 7 )  REX p r o ­
g r am.
( I I )  TESTING TIC STATI ST I CAL  ASSUMPTIONS
The same p r o b l e m s  o c c u r r e d  w i t h  t e s t i n g  t h e  s t a t ­
i s t i c a l  a s s u m p t i o n s  as w i t h  model  d e v e l o p m e n t  and p a r ­
t i t i o n i n g  t h e  d a t a ,  I n  t h a t  homogeneous d a t a  s e t s  we re  n o t  
p r e - d e f l n e d .  D e p a r t u r e s  f r o m  t h e  a s s u m p t i o n s  we re  a l s o  v e r y  
much I n t e r r e l a t e d  ( e . g . ,  w e i g h t i n g  t o  c o r r e c t  f o r  h e t e r o s c e d -  
a s t l c l t y  a f f e c t e d  t h e  t e s t s  f o r  n o r m a l i t y  and  s e r i a l  c o r r e l ­
a t i o n ) .  However  f t  seemed l i k e l y  t h a t  h e t e r o g e n e i t y  o f  
v a r i a n c e  w o u l d  r e p r e s e n t  t h e  mos t  s e r i o u s  v i o l a t i o n  o f  t h e  
a s s u m p t i o n s ,  and  t e s t i n g  was s t a r t e d  t h e r e .
The r e g r e s s i o n  model  used f o r  t e s t i n g  t h e  s t a t i s t ­
i c a l  a s s u m p t i o n s  was
V = bQ + b1 D2 H + b2 D3
w h i c h  was f o u n d  t o  g i v e  a r e a s o n a b l y  good  f i t  t o  t h e  d a t a ,  as 
d i s c u s s e d  I n  s e c t i o n  ( i l l ) .
( a )  G e n e r a l  T e s t i n g  S t r a t e g y
A t  t i l l s  p o i n t  I t  was n e c e s s a r y  t o  d e c i d e  on a 
s u i t a b l e  a p p r o a c h  t o  t h e  g e n e r a l  q u e s t i o n  o f  s i g n i f i c a n c e  
t e s t i n g  w i t h  t h e  N o r t h e r n  T e r r i t o r y  d a t a .  A s a t i s f a c t o r y  
b a l a n c e  b e t w e e n  Type I and  Type I I  e r r o r s  ( S o k a l  and R o h l f ,  
1969)  was p a r t i c u l a r l y  I m p o r t a n t ,  b e c a u s e  i n  many c a s e s  t e s t s
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o f  s i g n i f i c a n c e  would be a p p l i e d  sI  mu l t a n e o u s 1y t o  a number  
o f  d i f f e r e n t  d a t a  s e t s ,  and t h e  o c c u r r e n c e  o f  Type I e r r o r s  
c o r r e s p o n d i n g l y  I n c r e a s e d .  For  e x a m p l e ,  I f  t w e n t y  t e s t s  were  
t o  be a p p l i e d  s i m u l t a n e o u s l y  w i t h  a p r o b a b i l i t y  l e v e l  o f  
0 . 0 5 ,  t h e n  as F r e e s e  ( 1 9 6 4 )  c a u t i o n s *
" I t  I s ........... w e l l  t o  remember t h a t  o n e - I n - t w e n t y
chances  do a c t u a l l y  occur  -  abo ut  one t i m e  out  o f  
t w e n t y . "
T h i s  dan ger  c o u l d  have been m i n i m i s e d  by g r e a t l y  
r e d u c i n g  t h e  p r o b a b i l i t y  l e v e l s  used,  bu t  o n l y  a t  t h e  expense  
o f  I n c r e a s i n g  t h e  r i s k  o f  Type I I  e r r o r s  and r e d u c i n g  t h e  
s e n s i t i v i t y  o f  t h e  t e s t s .  The f o l l o w i n g  g e n e r a l  approach  was 
t h e r e f o r e  a d o pt e d *
( I )  s e l e c t  a p r o b a b i l i t y  l e v e l  as c l o s e  as 
p o s s i b l e  t o  1 / n ,  where n I s  t h e  number o f  t e s t s  b e i ng  
c a r r i e d  ou t  s i m u l t a n e o u s l y ;
( I I )  a f t e r  t e s t i n g ,  compare t h e  outcomes w i t h  
an e x p e c t a t i o n  due t o  chance  a l o n e ,  u s i ng  a c h i - s q u a r e  
t e s t .
As an e xa m p l e *  i f  38 s i m u l t a n e o u s  t e s t s  were c a r r i e d  o u t ,  a 
p r o b a b i l i t y  l e v e l  as c l o s e  as p o s s i b l e  t o  1 / 3 8  would be 
s e l e c t e d  ( e . g . ,  0 . 0 2 ) .  I f  3 o u t  o f  t h e  38 t e s t s  gave a
s i g n i f i c a n t  r e s u l t  a t  t h e  0 . 0 2  p r o b a b i l i t y  l e v e l ,  t h e n  t h i s  
obser ved  p r o p o r t i o n  would  be t e s t e d  a g a i n s t  an e x p e c t a t i o n  o f  
0 . 0 2 x 3 8 ,  or  0 . 7 6  I n  3 8 ,  us i ng  a c h i - s q u a r e  t e s t .
T h i s  r e p r e s e n t s  an o v e r s i m p l i f i e d  t r e a t m e n t  o f  t h e
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p r o b l e m .  The p r o b a b i l i t y  o f  Type I I  e r r o r s  a l s o  depends on 
t h e  n a t u r e  o f  t h e  a l t e r n a t i v e  h y p o t h e s i s  ( S o ka l  and R o h l f ,  
1 9 6 9 ) ,  wh ich  . I n  t h i s  c o n t e x t  would  be t h e  p r o p o r t i o n  o f  
s i g n i f i c a n t  outcomes wh ich  m ig ht  be p r e s e n t  I n  t h e  d a t a .  
However  some degree  o f  b a l a n c e  between Type I and Type I I  
e r r o r s  s h o u l d  be e f f e c t e d  by us i ng  t h i s  a p p ro a ch  as a g e n e r a l  
g u i d e  when p e r f o r m i n g  t h e  same t e s t  s i m u l t a n e o u s l y  on a 
r e a s o n a b 1y .1 a r ge  number o f  d a t a  s e t s .
( b )  Homogenei ty  o f  V a r i a n c e
F r e e s e  ( 1 9 6 4 )  and D r a p e r  and S m i t h  ( 1 9 6 6 )  g i v e  
exa mpl es  o f  t h e  way i n  w h ic h  h e t e r o g e n e o u s  v a r i a n c e  can be 
d e t e c t e d  f rom e x a m i n a t i o n  o f  p l o t t e d  r e s i d u a l s ,  where the  
s p r e a d  o f  p l o t t e d  p o i n t s  changes w i t h  changes i n  t h e  i n d e p e n ­
den t  v a r i a b l e .  A q u a n t i t a t i v e  t e s t  o f  homogeneous v a r i a n c e ,  
B a r t l e t t ' s  ( 1 9 3 7 )  t e s t ,  was a p p l i e d  by F r a y e r  ( 1 9 6 6 )  t o  
I n v e n t o r y  r emeasurement  d a t a  t o  wh i ch  r e g r e s s i o n s  were f i t ­
t e d .  O t h e r  t e s t s  f o r  h e t e r o g e n e o u s  v a r i a n c e  a r e  d i s c u s s e d  by 
A c t on  ( 1 9 5 9 ) ,  but  he c o n s i d e r s  B a r t l e t t ' s  t e s t  t h e  most  
r o b u s t ;  i t  I s  a l s o  t h e  o n l y  t e s t  wh ich  can cope w i t h  
d i f f e r i n g  numbers o f  o b s e r v a t i o n s .  B a r t l e t t ' s  t e s t  i s  con­
v e n i e n t l y  a p p l i e d  I n  t h i s  case  by s u b d i v i d i n g  t h e  d a t a  I n t o  
c l a s s e s  based on t h e  I n d e p e n d e n t  v a r i a b l e s  and t e s t i n g  f o r  
homogene i ty  o f  v a r i a n c e  a c r os s  t h e  c l a s s e s .
As d i s c u s s e d  b e l o w ,  r e s u l t s  r e p o r t e d  i n  t he  . l i t e r ­
a t u r e  I n d i c a t e d  t h a t  a r e l a t i o n s h i p  bet ween  v a r i a n c e  and D2 H
wa<; 1 I kp 1 v. Fach d a ta  <;ef wa<; <;nrfprl I n t o  a e end Inn  o rd e r  of
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D2 H and d i v i d e d  I n t o  10 c l a s s e s  o f  equa l  I n t e r v a l ;  where a t  
l e a s t  4 c l a s s e s  c o n t a i n e d  a minimum of  3 o b s e r v a t i o n s  
B a r t l e t t ' s  t e s t  was p e r f o r m e d .
A t o t a l  o f  31 out  o f  t h e  33 d a t a  s e t s  f u l f l l i e d  t h e  
above c r i t e r i a  f o r  t h e  a p p l i c a t i o n  o f  B a r t l e t t ' s  t e s t .  I n  
a cc o r d a n c e  w i t h  t he  g e n e r a l  t e s t i n g  s t r a t e g y  d i s c u s s e d  e a r l ­
i e r ,  a p r o b a b i l i t y  l e v e l  o f  0 . 0 5  was used I n  t e s t i n g  f o r  
h e t e r o g e n e o u s  v a r l a n c e  and t h e  outcomes f o r  a l l  31 d a t a  s e t s  
t e s t e d  f o r  d e p a r t u r e  f ro m an e x p e c t a t i o n  due t o  chance a l o n e .  
R e s u l t s  weres
s i g n i f i c a n t  no t  s i g n i f i c a n t  
o b s e r v e d  30 1
e x p e c t e d  ( p = 0 . 0 5 )  1 . 5 5  2 9 . 4 5
c o r r e c t e d  c h i - s q u a r e  = 5 1 1 * 7 2  *
The r e s u l t s  showed t h a t  h e t e r o s c e d a s t I c I t y  was p r e s e n t  I n  t he  
d a t a  and t h a t  some f or m o f  c o r r e c t i o n  was d e s i r a b l e .
C o r r e c t i n g  h e t e r o s c e d a s t I c I t y  by us i ng  l o g a r i t h m i c  
or  s i m i l a r  t r a n s f o r m a t i o n s  o f  t h e  dependent  v a r i a b l e  I s  not  
c o m p l e t e l y  s a t i s f a c t o r y .  As n ot e d  by Chapman and Meyer
( 1 9 4 9 )  and o t h e r s ,  a s y s t e m a t i c  b i a s  occ ur s  I n  t he  l e a s t  
squ a re s  s o l u t i o n  o f  r e g r e s s i o n s  such as Schumacher  and H a l l ' s  
( 1 9 3 3 )  l o g a r i t h m i c  mode l ,  a r i s i n g  f rom t h e  f a c t  t h a t  t h e  mean 
of  t h e  t r a n s f o r m e d  v a l u e s  I s  c o n s i s t e n t l y  t o o  low.  Use o f  
w e i g h t i n g  r a t h e r  t h a n  t r a n s f o r m a t i o n s  t o  c o r r e c t  h e t e r o ­
geneous v a r i a n c e  a v o i d s  t h i s  t y p e  o f  b i a s .
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W e i g h t i n g  f u n c t i o n s  used f o r  v o l u m e  r e g r e s s i o n s  
have  c om m o n l y  been d e v e l o p e d  as f u n c t i o n s  o f  D H. The s i m p l e  
r e  1 a t  I o n s h l  p •
s z -  k ( D 2 H)2
was used by  Munr o  ( 1 9 6 4 ) ,  S a n d r a s e g a r a n  ( 1 9 6 9 ,  1970 ,  1 9 7 2 ) ,  
B u r l e y  e t  a j  . ( 1 9 7 2 ) ,  A l l e n  e t  a j  . ( 1 9 7 4 )  and o t h e r s .  T u r n e r  
( 1 9 7 2 )  add ed  a c o n s t a n t  t e r m  t o  t h e  r e l a t i o n s h i p ,  and Moser  
and B e e r s  ( 1 9 6 9 )  us ed  an e x p o n e n t i a l  r e l a t i o n s h i p  b e t w e e n  s2 
and D2 H. G e r r a r d  ( 1 9 6 6 )  used  a r e l a t i o n s h i p  o f  t h e  f o r m :
. I n  s -  b0 + b t D + b2 H
a f t e r  f i n d i n g  t h a t  s e was n o t  l i n e a r l y  r e l a t e d  t o  (D2 H)2 f o r  
h i s  d a t a ;  h o w e v e r  h i s  " c o n t o u r s  o f  v a r i a n c e "  a c r o s s  d i a m e t e r -  
h e i g h t  c e l l s  r e p r e s e n t  good  a p p r o x i m a t i o n s  t o  D2 H c o n t o u r s ,  
i m p l y i n g  t h a t  a l i n e a r  r e l a t i o n s h i p  w i t h  D2 H r a t h e r  t h a n  
(D2 H)2 m i g h t  have been  s a t i s f a c t o r y  I n  h i s  c a s e .  G i b s o n  and 
Webb ( 1 9 6 8 )  used  a p o l y n o m i a l  i n  m e a s u r e d  t r e e  v o l u m e ,  b u t  
f o u n d  t h a t  w e i g h t s  p r o p o r t i o n a l  t o  1 / ( D H )  gav e  e q u a l l y  good 
r e s  u 1t s .
I n  v i e w  o f  t h e s e  f i n d i n g s ,  t h e  o v e r a l l  r e l a t i o n s h i p  
b e t w e e n  s z and  D2 H was b r i e f l y  i n v e s t i g a t e d  f o r  t h e  N o r t h e r n  
T e r r i t o r y  d a t a .  B e c a us e  o f  t h e  d i f f e r e n t  m e t h o d s  o f  d a t a  
c o l l e c t i o n  u s e d ,  t h e  o l d  s t y l e  and new s t y l e  d a t a  we re  d e a l t  
w i t h  s e p a r a t e l y .  V a r i a n c e s  w i t h i n  D2 H c l a s s e s  w e r e  c a l c u l ­
a t e d  and  p l o t t e d  a g a i n s t  mean D2 H f o r  e a c h  c l a s s ,  b u t  t h e  
r e s u l t s  we r e  somewh a t  i n c o n c l u s i v e ,  w i t h  a p p a r e n t l y  d i f f e r e n t  
t r e n d s  f o r  t h e  o l d  and  new s t y l e  d a t a .  I t  was a l s o  . l i k e l y  
t h a t  d i v e r g e n t  t r e n d s  o f  v o l u m e  w i t h  D2 H f o r  d i f f e r e n t  
s p e c i e s  and l o c a l i t i e s  we re  i n f l a t i n g  t h e  c l a s s  v a r i a n c e s  and
o b s c u r i n g  t h e  r e l a t i o n s h i p  b e t w e e n  v a r i a n c e  and  D2 H.
A s i n g l e  w e i g h t i n g  f u n c t i o n  was r e q u i r e d  t o  s i m p ­
l i f y  t h e  c o v a r i a n c e  a n a l y s e s .  B e f o r e  f i n a l  g r o u p i n g s  had 
been  d e t e r m i n e d  t h e r e  was no o b v i o u s  b a s i s  f o r  c h o o s i n g  a 
s i n g l e  d a t a  s e t  on w h i c h  t o  d e v e l o p  a w e i g h t i n g  f u n c t i o n .  
The s i m p l e  r e  1 a t  I o n s h l p s •
s 2 = kD2 H 
and  s 2 = k ( D 2 H) 2
w e r e  t h e r e f o r e  t e s t e d  f o r  t h e i r  o v e r a l l  e f f e c t s  on h e t e r o -  
s c e d a s t I  c l t y .  B a r t l e t t ' s  t e s t  was r e p e a t e d  on t h e  31 d a t a  
s e t s  us ed  e a r l i e r ,  w i t h  assumed w e i g h t s  o f  1 /D2 H and 1 / ( D 2 H)2 
I . e . ,  w i t h  d e v i a t e s  t r a n s f o r m e d  by 1 / D / H  and  1 /D2 H r e s p e c ­
t i v e l y .  A p r o b a b i l i t y  l e v e l  o f  0 . 0 5  was a g a i n  a p p l i e d  and 
t h e  o u t c o m e s  t e s t e d  f o r  d e p a r t u r e  f r o m  e x p e c t a t i o n  I n  e a ch  
c a s e .  R e s u l t s  w e r e :
s I g n l f I  c a n t n o t  s i  g n l f I  c a n t c h i - s q u a r e
t r a n s .  by i / d V h 22 9 2 5 6 . 9 1  *
t r a n s .  by i / d2 h 1 30 0 . 2 1  NS
e x p e c t e d ( p = 0 . 0 5 ) 1 . 5 5 2 9 . 4 5
These  r e s u l t s  showed t h a t  w e i g h t i n g  by  l / ( D  H) r a t h e r  t h a n  
1 / D 2 H was r e q u i r e d  t o  r e d u c e  h e t e r o s c e d a s t I c I t y  t o  n o n ­
s i g n i f i c a n t  l e v e l s .  W e i g h t i n g  by  1 / ( D 2 H)2 was t h e r e f o r e  used  
f o r  t h e  c o v a r i a n c e  a n a l y s e s .
R e s u l t s  o f  t e s t i n g  f o r  h e t e r o s c e d a s t I  c l t y  w i t h  t h e  
abo v e  w e i g h t  a r e  g i v e n  I n  T a b l e  7 - 1 .
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T a b l e  7 . 1
R e s u l t s  o f  t e s t i n g  f o r  h e t e r o s c e d a s t l c l t y , s e r i a l  c o r r e l a t i o n  
and n o r m a l i t y  w i t h  t h e  model  V = b D + b1 D2 H + b2 D3 .
Key* NS n o t  s i g n l f I  c a n t ; —  no r e s u l t  ( s e e  p.  8 2 ) ;
*  s l g n l f l c a n t ;
( + )  s i g n i f i c a n t  p o s i t i v e ;  ( - )  s i g n i f i c a n t  n e g a t i v e .
! H e t e r o -  S e r i a l  N o r m a l i t y
L o c a l i t y  S p e c i e s
No.  | 
Obs.  Ji
s c e d a s -  
11 c l  t y
c o r r e 1-  
a t  l on Skewness K u r t o s l s
O l d s t y l e  d a t a ii
02 01 i s o  ; * NS NS ( + )
02 108 ! - - * NS NS
03 88 ! i NS NS NS NS
03 01 95 ! NS NS NS NS
02 103 ! NS NS ( + ) ( + )
03 72 i NS NS NS NS
07 01 86 j — _ * ( + ) ( + )
02 420 ; 1 NS
* ( - ) ( + )
070 01 42 j NS * NS NS
02 157 ;i NS NS NS NS
New s t y l e  d a t a ii
011 01 65 1 NS * NS NS
02 96 ! NS * NS NS
68 108 ;i NS NS NS NS
02 01 57 i NS * ( - ) ( + )
02 4 5  ; NS * NS NS
03 54 !t NS NS NS NS
02 1 1 01 54 ! NS NS ( - ) ( + )
02 54 ! NS NS NS NS
03 54 Ji NS
* NS ( + )
022 01 44 1 NS NS NS NS
02 4 4  ; NS * NS NS
03 44 ! NS NS NS NS
06 44 !i
NS NS NS NS
031 01 121  i NS * ( + ) NS
02 111 i NS a NS NS
03 126 \ NS * NS NS
68 131 !i
NS * NS NS
07 01 80 j NS * NS NS
02 168 !i
NS * ( - ) ( + )
091 01 157 ! NS * NS NS
02 156 ! NS * NS ( + )
06 i 5 6  ; NS NS NS NS
68 153 ! NS * NS NS
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( c )  S e r i a l  C o r r e l a t i o n
D u r b i n  and Watson ( 1 9 5 0 ,  1951 )  d e s c r i b e  a t e s t  f o r  
f i r s t - o r d e r  s e r i a l  c o r r e l a t i o n  based on t h e  Von Neumann 
r a t i o ,  and g i v e  t a b l e s  o f  t h e  s i g n i f i c a n c e  p o i n t s  o f  t h e i r  
"d"  s t a t i s t i c ,  wh ich  s p e c i f y  upper  and l ower  bounds r a t h e r  
t h a n  p r e c i s e  v a l u e s *  T h e l 1 and Nagar  ( 1 9 6 1 )  have not ed  t h e  
danger  o f  f a l s e  I n f e r e n c e  f rom t h e s e  t a b l e s ,  I n  t h a t  "no  
I n f e r e n c e  p o s s i b l e "  -  when t h e  s t a t i s t i c  f a l l s  between t he  
upper  and lower  bounds -  may be I n t e r p r e t e d  as an absence o f  
e v i d e n c e  f o r  s e r i a l  c o r r e l a t i o n ?  t h e y  use a d i f f e r e n t  a p p r o x ­
i m a t i o n  t o  s p e c i f y  p r e c i s e  v a l u e s  w h i c h  a r e  v e r y  c l o s e  t o  t h e  
upper  bounds I n  t h e  Durb I  n - Wat son  t a b l e s .  Hume ( 1 9 7 1 )  
c o n s i d e r s  t h e s e  and o t h e r  a p p r o x i m a t e  methods u n s a t i s f a c t o r y ,  
and g i v e s  methods o f  c a l c u l a t i n g  t h e  e x a c t  p r o b a b i l i t y  o f  
o b t a i n i n g  a g i v e n  v a l u e  o f  t h e  D u r b l n - W a t s o n  s t a t i s t i c  f o r  a 
g i v e n  r e g r e s s i o n  model and number o f  o b s e r v a t i o n s ,  but  o n l y  
a t  t h e  expense  o f  c o n s i d e r a b l e  c o m p u t a t i o n a l  e f f o r t .
I t  was d e c i d e d  t o  use t h e  d - s t a t l s t l c  but  t o  a v o i d  
c a l c u l a t i n g  e x a c t  p r o b a b i l i t i e s ,  because o f  t he  e x c e s s i v e  
amount of  computer  t i m e  r e q u i r e d  t o  c o v e r  a l l  o f  t h e  d a t a  
s e t s  w i t h  eac h  o f  a number o f  d i f f e r e n t  r e g r e s s i o n  model s .  
I n  v i ew o f  t h e  r e s u l t s  r e p o r t e d  by K o e r t s  and Abrahamse  
( 1 9 6 8 )  on t h e  f a i l u r e  o f  t h e  D u r b I n - W a t s o n  p r o c e d u r e  t o  
r e j e c t  t h e  n u l l  h y p o t h e s i s  as o f t e n  as I t  s h o u l d ,  t he  
m o d i f i c a t i o n  proposed by T h e l 1 ( 1 9 7 1 )  t o  use t h e  upper  bound 
I n  D u r b i n  and W a t s o n ' s  ( 1 9 5 1 )  t a b l e s  as t h e  c r i t i c a l  v a l u e  
was a d o p t e d .  Beyond t h e  upper  l i m i t  of  t h e  t a b l e s  ( 1 0 0
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t a b l e ;  where t h e r e  I s  no p r i o r  knowl edge  o f  t he  s i g n  o f  t he  
s e r i a l  c o r r e l a t i o n ,  t w o - s i d e d  t e s t s  may be made by combi n i ng  
s i n g l e - t a l l  t e s t s .  I t  was e x p e c t e d  t h a t  any s e r i a l  c o r r e l ­
a t i o n  caused by f a c t o r s  such as t h o s e  d i s c u s s e d  above would  
p r o b a b l y  be p o s i t i v e ,  and t h i s  was c o n f i r m e d  by I n i t i a l  
t r i a l s .
O n e - t a l l e d  t e s t s  f o r  p o s i t i v e  s e r i a l  c o r r e l a t i o n  
were a p p l i e d .  R e s u l t s  a r e  g i v e n  I n  T a b l e  7*1« The p r e s e n c e  
of  s i g n i f i c a n t  s e r i a l  c o r r e l a t i o n  I n  more t h a n  50% o f  t h e  
d a t a  s e t s  had t o  be a l l o w e d  f o r  d u r i n g  t h e  c o v a r i a n c e  
a n a l y s e s ,  as d l s c u s s e d . 1 a t e r .
( d )  N o r m a l i t y
S h a p i r o  e t  a_l. ( 1968 )  t e s t e d  n i n e  d i f f e r e n t  p r o ­
c e d u r e s  f o r  e v a l u a t i n g  n o r m a l i t y  I n  a c o m p r e h e n s i v e  e m p i r i c a l  
s a m p l i n g  s t u d y  w i t h  many d i f f e r e n t  p r o b a b i l i t y  d i s t r i b u t i o n s .  
They found t h e  W s t a t i s t i c  ( S h a p i r o  and W I. I k ,  1965)  t o  
p r o v i d e  " . . .  a g e n e r a l l y  s u p e r i o r  omnibus measure o f  non-  
n o r m a l i t y " ,  bu t  a l s o  found t h a t  a c o m b i n a t i o n  o f  t h e  s t a n d a r d  
t h i r d  and f o u r t h  moment t e s t s  was t h e  n e x t  most p o w e r f u l  out  
of  a l l  t h e  t e s t s  c o n s i d e r e d .  T h i r d  moment (//b^ o r  g1 ) and 
f o u r t h  moment ( b 2 or  g 2 ) t e s t s  a r e  d e s c r i b e d  by Snedecor  and 
Cochran ( 1 9 6 7 )  and Sokal  and R o h l f  ( 1 9 6 9 ) .
The W t e s t  I n v o l v e s  l e n g t h y  c a l c u l a t i o n  us ing l a r g e  
numbers of  t a b u l a t e d  c o e f f i c i e n t s ,  v a r y i n g  f rom 1 c o e f f i c i e n t  
f o r  n=2 up t o  25 c o e f f i c i e n t s  f o r  n - 5 0 ;  t h e  p u b l i s h e d  t a b l e
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( S h a p i r o  and W l l k ,  1965)  a l s o  s t o p s  a t  n = 50 ,  and e v a l u a t i o n  
o f  c o e f f i c i e n t s  f o r  l a r g e r  v a l u e s  o f  n I s  n o n - t r i v i a l .
A l t h o u g h  t h e  W t e s t  I s  g e n e r a l l y  more p o w e r f u l  t h a n  t h e  t h i r d
i
and f o u r t h  moment t e s t s  t he  a d d i t i o n a l  e f f o r t  I n v o l v e d  In  
a p p l y i n g  I t  d i d  not  seem t o  be j u s t i f i e d *  Combined t h i r d  and 
f o u r t h  moment ( g 1 and g ^ ) t e s t s  were t h e r e f o r e  a d o p t e d .
Snedecor  and Cochr an  ( 1 9 6 7 )  d e s c r i b e  t h e  use o f  g1 
I n  t e s t i n g  f o r  skewness and g 2 f o r  t e s t i n g  f o r  k u r t o s l s ,  but  
t h e y  n ot e  t h a t  no t a b l e s  o f  t h e  s i g n i f i c a n c e  l e v e l s  o f  g^ a r e  
a v a i l a b l e  f o r  sample  s i z e s  l es s  t h an  2 0 0 ;  f o r  s m a l l e r  sample  
s i z e s  t h e y  s u g g e s t  an a l t e r n a t i v e  t e s t  d e v e l o p e d  by Geary  
( 1 9 3 6 ) *  Soka l  and R o h l f  ( 1 9 6 9 )  g i v e  c o r r e c t e d  f o r m u l a e  f o r  
g 1 and g2 t o  a l l o w  f o r  s m a l l e r  sample  s i z e s ,  and s p e c i f y  t h a t  
t h e  t - t e s t  f o r  t he  s i g n i f i c a n c e  o f  t h e s e  s t a t i s t i c s  has 
I n f i n i t e  d e g r e e s  o f  f re edom f o r  samples  f rom normal  p o p u l a -  
t I o n s .
V a l u e s  o f  g, and g„ were c a l c u l a t e d  f rom d e v i a t e s  
abo ut  f i t t e d  r e g r e s s i o n s  w i t h  f o r m u l a e  g i v e n  b o t h  by Snedecor  
and Cochran ( 1 9 6 7 )  and Sokal  and R o h l f  ( 1 9 6 9 ) ,  t o g e t h e r  w i t h  
v a l u e s  of  t  I n  t h e  l a t t e r  c a s e .  T r i a l s  on a number of  d a t a  
s e t s  i n d i c a t e d  t h a t  bo t h  t e s t s  gave s i m i l a r  r e s u l t s  f o r  bo t h  
skewness and k u r t o s l s ,  even  f o r  r e l a t i v e l y  s ma l l  numbers of  
o b s e r v a t i o n s .  The Soka l  and R o h l f  s t a t i s t i c  was used I n  most  
cases  f o r  c o n v e n i e n c e ,  and b o t h  methods were used i n  b o r d e r ­
l i n e  c a s e s .  R e s u l t s  a r e  g i v e n  i n  T a b l e  7 . 1 .
I n  v i e w  o f  t h e  comments by Sokal  and R o h l f  ( 1 9 6 9 )  
not ed  e a r l i e r  ( page  7 2 )  on t h e  consequences  o f  moder at e  non-
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n o r m a l i t y ,  t h e  o b s e r v e d  d e p a r t u r e s  f r o m  n o r m a l i t y  we re  c o n ­
s i d e r e d  t o  be I n s u f f i c i e n t l y  s e r i o u s  t o  I n v a l i d a t e  t h e  
c o v a r i a n c e  a n a l y s e s .
( I l l )  TESTING THE PRELIMINARY MODELS 
( a ) I n d l c e s  o f  F i t
A f t e r  a r e g r e s s i o n  e q u a t i o n  has been  f i t t e d  by 
l e a s t  s q u a r e s ,  some m e thod  o f  J u d g i n g  g o o d n e s s  o f  f i t  must  be 
u s e d ,  a s s u m in g  t h a t  t h e  r e g r e s s i o n  has been shown t o  be 
s i g n i f i c a n t  by  a s t a n d a r d  F - t e s t  ( e . g . ,  F r e e s e ,  1 9 6 A ) .  The 
n o rm a l  I n d i c e s  o f  f i t  s u c h  as s t a n d a r d  e r r o r  o f  e s t i m a t e  (s^- )  
and c o e f f i c i e n t  o f  d e t e r m i n a t i o n  (R2 ) a r e  d e s c r i b e d  by D r a p e r  
and S m i t h  ( 1 9 6 6 )  a nd  o t h e r s ,  and  have  been w i d e l y  used f o r  
t e s t i n g  and c o m p a r i n g  v o lu m e  r e g r e s s i o n s .  However  t h e s e  
I n d i c e s  a r e  o n l y  c o m p a r a b l e  b e tw e e n  r e g r e s s i o n s  w i t h  t h e  same 
d e p e n d e n t  v a r i a b l e ;  I f  t r a n s f o r m a t I o n s  s u c h  a s ■1og V o r  V/D H 
a r e  used t h e n  t r a n s f o r m e d  and u n t r a n s f o r m e d  e q u a t i o n s  can  no 
l o n g e r  be d i r e c t l y  c o m p a r e d .  F u r n l v a l  ( 1 9 6 1 )  s o l v e d  t h i s  
p r o b l e m  w i t h  an  I n d e x  bas e d  on maximum l i k e l i h o o d  f o r  
c o m p a r i n g  s u c h  r e g r e s s i o n s .  H i s  i n d e x  has been  used by 
S h i e l d  ( 1 9 6 5 ) ,  S a n d r a s e g a r a n  ( 1 9 6 9 ,  197 0 ,  1 9 7 2 ) ,  B u r l e y  e t  
a j .  ( 1 9 7 2 )  and  o t h e r s .
D r a p e r  a n d  S m i t h  ( 1 9 6 6 )  c a u t i o n  a g a i n s t  t h e  u n c r i t ­
i c a l  use o f  R2 o r  s t a n d a r d  e r r o r  o f  e s t i m a t e  I n  J u d g i n g  
g o o d n e s s  o f  f i t ,  b e c a u s e  o f  t h e  f a l s e  Im p r o v e m e n t  p r o d u c e d  by 
a d d i n g  a l a r g e  num ber  o f  p a r a m e t e r s  t o  t h e  m o d e l ,  e s p e c i a l l y
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w i t h  a r e l a t i v e l y  s m al l  number o f  o b s e r v a t i o n s .  E z e k i e l  and 
Fox ( 1 9 5 9 )  and Snedecor  and Cochran  ( 1 9 6 7 )  show how t h e  
e s t i m a t e  of  R can be a d j u s t e d  f o r  b o t h  number o f  p a r a m e t e r s  
and number o f  o b s e r v a t i o n s .
Good r e s u l t s  f o r  t h e s e  goodness o f  f i t  c r i t e r i a  do 
not  e n s ur e  t h a t  the  chosen r e g r e s s i o n  model I s  s a t i s f a c t o r y .  
I f  t h e  p o s t u l a t e d  model I s  I n c o r r e c t  t h e n  t h e  l e a s t  s qu ar es  
e s t i m a t e s  o f  t h e  c o e f f i c i e n t s  a r e  b i a s e d  ( D r a p e r  and S m i t h ,  
1966;  Wonnacot t  and W o n n a c o t t ,  1970 )  and t h e  d e v i a t e s  may 
show t h e  t y p e  o f  b i a s  m en t io n ed  p r e v i o u s l y  I n  t h e  d i s c u s s i o n s  
o f  s e r i a l  c o r r e l a t i o n .  For  e x a m p l e ,  Cromer  ( 1 9 5 9 )  found t h a t  
m u l t i p l e  r e g r e s s i o n s  a p p l i e d  t o  A r a u c a r I  a d a t a  f rom Papua New 
Gui ne a  had h i g h  R£ v a l u e s  and low s t a n d a r d  e r r o r s  of  
e s t i m a t e ,  but  d i d  not  show s a t i s f a c t o r y  f i t s  o v e r  t h e  whole  
range  o f  t h e  d a t a .
D r a p e r  and S m i t h  ( 1 9 6 6 )  a l s o  d i s c u s s  a t e s t  o f  l ack  
of  f i t  based on a c om p a r i s o n  o f  " p u r e  e r r o r "  v a r i a n c e  and t h e  
o b s e r v e d  e r r o r  v a r i a n c e  abo ut  t h e  mode l ;  t h e  e s t i m a t e  o f  pure  
e r r o r  can  be o b t a i n e d  o n l y  I f  r e p e a t  o b s e r v a t i o n s  of  *Y f o r  
t h e  same v a l u e s  o f  X a r e  a v a i l a b l e .  G e r r a r d  ( 1 9 6 6 )  used t h i s  
a p p ro a ch  f o r  t e s t i n g  goodness o f  f i t  by p a r t i t i o n i n g  t h e  sum 
o f  s q u a re s  I n t o  d i a m e t e r - h e i g h t  c e l l s  and us i ng  t h e  w i t h l n -  
c e 11 v a r i a n c e s  t o  o b t a i n  an e s t i m a t e  o f  pure  e r r o r .
V a r i o u s  o t h e r  I n d i c e s  have been used.  Beers  and 
G i n g r i c h  ( 1 9 5 8 )  used b o t h  s t a n d a r d  e r r o r  o f  e s t i m a t e  and t h e  
s t a n d a r d  e r r o r s  o f  t h e  r e g r e s s i o n  c o e f f i c i e n t s  f o r  c ompa r i son  
o f  a l t e r n a t i v e  e q u a t i o n s .  S I m p f e n d o r f e r  ( 1 9 5 9 )  used c o r r e l -
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a t i o n  c o e f f i c i e n t ,  c o e f f i c i e n t  o f  v a r i a t i o n  and p e r c e n t a g e  
c o n f i d e n c e  l i m i t s  o f  mean p r e d i c t e d  v o l u m e  f o r  v a r i o u s  s am p l e  
s i z e s -  G r o s e n b a u g h  ( 1 9 6 7 )  used  r e s i d u a l  mean s q u a r e  ( t h e  
s q u a r e  o f  t h e  s t a n d a r d  e r r o r  o f  e s t i m a t e )  as t h e  c r i t e r i o n  o f  
b e s t  f i t  I n  t h e  combi  n a t  o r  I a 1 s c r e e n i n g  o p t i o n  o f  h i s  REX 
p r o g r a m -  G i b s o n  and  Webb ( 1 9 6 8 )  had t h e  p r o b l e m  o f  c o m p a r i n g  
p a r t i t i o n e d  ( o v e r l a p p i n g )  r e g r e s s i o n s  w i t h  s i n g l e  w e i g h t e d  
and u n w e i g h t e d  r e g r e s s i o n s ,  and used v a r i a n c e s  o f  d e v i a t e s  
w i t h i n  10 d i f f e r e n t  v o l u me  c l a s s e s  as a b a s i s  o f  c o m p a r i s o n ;  
t h e s e  c o m p a r i s o n s  w e r e  c a r r i e d  o u t  on an I n d e p e n d e n t  s e t  o f  
t e s t  d a t a  r a t h e r  t h a n  on t h e  d a t a  used  f o r  f i t t i n g  t h e  
r e g r e s s l o n s .
The use o f  s e p a r a t e  t e s t  d a t a  I s  d e s i r a b l e ,  I n  t h a t  
I t  p r o v i d e s  an  I n d e p e n d e n t  c h e c k  on model  p e r f o r m a n c e  and 
some d e g r e e  o f  a s s u r a n c e  t h a t  t h e  r e l a t i o n s h i p  d e v e l o p e d  I s  
g e n e r a  1 I s ab  1e b e y o n d  bey ond  t h e  d a t a  t o  w h i c h  I t  was f i t t e d .  
Un wi n  and B o w l i n g  ( 1 9 5 1 )  r e s e r v e d  one t h i r d  o f  e a c h  s e t  o f  
d a t a  as  t e s t  d a t a  and  used t h e  r e m a i n d e r  f o r  f i t t i n g  t h e  
m o d e l ;  G i b s o n  and Webb ( 1 9 6 8 )  used s i m i l a r  p r o p o r t i o n s  f o r  
f i t t i n g  and t e s t i n g .  The many 1 oca  1 I t y / s p e c l es c o m b i n a t i o n s  
made t h e  use o f  t e s t  d a t a  I m p r a c t i c a l  I n  t h i s  s t u d y .  T u r n e r  
( 1 9 7 2 )  s i m u l a t e d  t e s t  d a t a  by  w e i g h t i n g  d i a m e t e r  c l a s s e s  I n  
t h e  c o m p i l a t i o n  d a t a  w i t h  t h e i r  f r e q u e n c y  d i s t r i b u t i o n s  as 
d e t e r m i n e d  by f o r e s t  I n v e n t o r y ,  b u t  t h i s  w o u l d  o b v i o u s l y  n o t  
p r o v i d e  a c o m p l e t e l y  I n d e p e n d e n t  t e s t  o f  model  p e r f o r m a n c e .
I n  t h e  a b s e n c e  o f  t e s t  d a t a ,  some c r i t e r i a  bas e d  on 
g o o d n e s s  o f  f i t  t o  t h e  c o m p i l a t i o n  d a t a  had t o  be used f o r
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t e s t i n g  t h e  m o d e l s .  G e r r a r d ' s  ( 1 9 6 6 )  m e t h o d  o f  p a r t i t i o n i n g  
t h e  d a t a  o r  G i b s o n  and  W e b b ' s  ( 1 9 6 8 )  vo l ume  c l a s s e s  w er e  n o t  
p o s s i b l e  w i t h  t h e  s m a l l e r  d a t a  s e t s  I n  t h e  p r e s e n t  s t u d y ,  
w h i c h  l e f t  o n l y  g e n e r a l  t e s t s  o f  o v e r a l l  g o o d n e s s  o f  f i t .  
T h e s e  a r e  d i s c u s s e d  I n  t h e  n e x t  s e c t i o n .
( b )  T e s t i n g  t h e  Mode l s
The ma in  model  t o  be t e s t e d  was  t h a t  p r o p o s e d  
e a r l i e r  I n  s e c t i o n  ( l l ) ( b ) ,  I . e . s
V = b Q + b f DZH + b^D2 + b3 D3
o r  some s i m p l e r  v e r s i o n  o f  I t .  The b a s i c  c o m b i n e d - v a r i a b l e  
mode 1
V = b0 + b , 0 2 H
was a l s o  t e s t e d  c o n c u r r e n t l y ,  t o  e n s u r e  t h a t  t h i s  model  was a 
v a l i d  s t a r t i n g  p o i n t  f o r  model  d e v e l o p m e n t .
B e c a u s e  o f  t h e  t e n t a t i v e  a s s u m p t i o n s  u s e d  In  d e v e l ­
o p i n g  t h e  p r e l i m i n a r y  model  I t  was  n e c e s s a r y  t o  f i r s t  
I n v e s t i g a t e  t h e  f o r m  o f  t h e  model  more  c l o s e l y  b e f o r e  u s i n g  
I t  I n  a n y  a n a l y s e s .  A r a p i d  e m p i r i c a l  me th o d  o f  t e s t i n g  was 
a v a i l a b l e  I n  t h e  c o m b i n a t o r l a  1 s c r e e n i n g  o p t i o n  I n c l u d e d  In  
t h e  REX p r o g r a m .  A l t h o u g h  c o m b i n a t o r i a l  s c r e e n i n g  -  o r  any  
a u t o m a t i c  s e l e c t i o n  p r o c e d u r e  -  was n o t  c o n s i d e r e d  a p p r o p ­
r i a t e  f o r  l o g i c a l  model  d e v e l o p m e n t ,  I t  p r o v i d e d  a c o n v e n i e n t  
me thod  o f  v a l i d a t i n g  t h e  p o s t u l a t e d  p r e l i m i n a r y  m o d e l ,  w i t h ­
o u t  n e c e s s a r i l y  I n f l u e n c i n g  t h e  d e v e l o p m e n t  o f  f i n a l  m o d e l s .  
Combi n a t o r  1 a 1 s c r e e n i n g  was c a r r i e d  o u t  on a s u b s a m p l e  o f  t h e
d a t a -  w h i c h  was s e l e c t e d  a s  a r e s t r i c t e d  s u b s a m o l e  o f  9 d a t a
3b
s e t s  f r o m  9 d i f f e r e n t  l o c a l i t i e s ,  w i t h  e a c h  d a t a  s e t  a 
s u b s a m p l e  s e l e c t e d  r a n d o m l y  by s p e c i e s .  An u p p e r  l i m i t  o f  
t h r e e  v a r i a b l e s  p e r  model  was a p p l i e d ,  b o t h  b e c a u s e  o f  t h e  
number  o f  v a r i a b l e s  I n  t h e  p o s t u l a t e d  model  a n d  b e c a u s e  o f  
t r i a l s  w h i c h  I n d i c a t e d  t h a t  " o v e r f I t t l n g w ( D r a p e r  and S m i t h ,  
1966)  o c c u r r e d  w i t h  more  t h a n  a b o u t  t h r e e  o r  f o u r  I n d e p e n d e n t  
v a r I  a b l e s .
C o m b i n a t o r i a l  s c r e e n i n g  was c a r r i e d  o u t  on e a c h  o f  
t h e  9 d a t a  s e t s  I n  t h e  s u b s a m p l e .  To J u d g e  t h e  p e r f o r m a n c e  
o f  t h e  p r o p o s e d  model  -  o r  some s i m p l e r  v e r s i o n  o f  I t  -  t h e  
10 b e s t  r e g r e s s i o n s  f o r  e a c h  d a t a  s e t  w e r e  e x a m i n e d .  R e s u l t s  
w e r e  t h a t  D^H was t h e  mo s t  common v a r i a b l e  w i t h  30 o c c u r ­
r e n c e s ,  D3 was  t h e  s e c o n d  mos t  common t e r m  w i t h  23 o c c u r ­
r e n c e s ,  a nd  was t h e  f i f t h  mo s t  common w i t h  ]b o c c u r r e n c e s .  
O b s e r v e d  o c c u r r e n c e s  o f  t h e  m o d e l s  w e r e !
cr o + b, D2 H + b2 D3 2 b o c c u r r e n c e s ( m o s t  common)
b0 + b , D z H + b2 D2 s 3 o c c u r r e n c e s ( o n e  o f  s e v e r a l )
bo + b, D2 H + b2 D2 + b^D3 ! 1 o c c u r r e n c e
The 10 b e s t  r a n k i n g s  c o n f i r m e d  t h e  e x p e c t a t i o n  t h a t  
t h e  1 I n e a r  r e g r e s s i o n  o f  b e s t  f i t  w ou ld  v a r y  c o n s i d e r a b l y  
b e t w e e n  d a t a  s e t s .  However  I t  was h i g h l y  d e s i r a b l e  t o  s e l e c t  
a common model  f o r  a l l  d a t a  s e t s ,  s o  a s  t o  s i m p l i f y  t h e  
c o v a r i a n c e  a n a l y s e s  a nd  a l l o w  f o r  c o m p a r i s o n s  on a common 
b a s i s  among a l l  o f  t h e  d a t a .  The f r e q u e n c y  o f  o c c u r r e n c e  o f  
t h e  v a r i a b l e s  D^H a n d  D3 , t o g e t h e r  w i t h  t h e  mos t  common 
o c c u r r e n c e  o f  t h e  model  I n c l u d i n g  t h e s e  v a r i a b l e s ,  made I t  
l i k e l y  t h a t  t h i s  model  w ou l d  p r o v i d e  t h e  b e s t  c o m p r o m i s e  f o r
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a l l  d a t a  s e t s .  The m o d e l :
V -  bQ + b1 D2 H + bz D3
was t h e r e f o r e  s e l e c t e d  f o r  f u r t h e r  t e s t i n g  and t h e  o t h e r  t w o  
a l t e r n a t i v e s  w e r e  d r o p p e d .
Goodness  o f  f i t  was I n v e s t i g a t e d  b o t h  f o r  t h e  
c o m b i n e d - v a r I  ab  1e model  and t h e  abo ve  model  on e a c h  s p e c i e s  
w i t h i n  e a c h  l o c a l i t y .  F i t  was d e t e r m i n e d  I n i t i a l l y  f r o m  t h e  
a d j u s t e d  R2 v a l u e ,  and f r o m  an e x a m i n a t i o n  o f  p l o t t e d  
r e s i d u a l s  t o  d e t e c t  a ny  e v i d e n c e  o f  s e r i o u s  d e p a r t u r e s  f r o m  
e a c h  m o d e l ;  t e s t i n g  t h e  r e g r e s s i o n s  f o r  s i g n i f i c a n c e  was 
f o u n d  t o  be u n n e c e s s a r y  I n  t h e  l i g h t  o f  t h e  h i g h  R2 v a l u e s  
o b t a i n e d .  The m o d e l s  we re  f i t t e d  w i t h  t h e  w e i g h t i n g  f u n c t i o n  
1 / ( D 2 H ) 2 , and an e q u i v a l e n t  t r a n s f o r m a t i o n  ( l . e . ,  1 /D2 H) was 
a p p l i e d  t o  p l o t t e d  r e s i d u a l s .  The R2 v a l u e s  we re  a d j u s t e d  as 
f o l l o w s  (Yamane ,  1 9 6 7 ;  S n e d e c o r  and C o c h r a n ,  1 9 6 7 ) :
a d j u s t e d  R2 = 1 -  ( ( 1 - R 2 ) ( n - 1 ) / ( n - k - 1 ) )  
w h e r e  n I s  t h e  number  o f  o b s e r v a t i o n s  and k t h e  number  o f  
I n d e p e n d e n t  v a r i a b l e s  I n  t h e  m o d e l .
R e s u l t s  a r e  g i v e n  I n  T a b l e  7 . 2 .  The a d j u s t e d  R2 
v a l u e s  f o r  t h e  comb i  n e d -  v a r  I a b l  e model  r a n g e d  f r o m  0.87**  t o  
0 . 9 7 5 ,  and r a n g e d  f r o m  0 . 9 0 5  t o  0 . 9 81  f o r  t h e  s e c o n d  m o d e l .
A d d i t i o n  o f  t h e  D3 t e r m  was a l s o  t e s t e d  f o r  
s i g n i f i c a n c e  w i t h  a s t a n d a r d  F - t e s t  ( F r e e s e ,  1967)  a t  t h e  5% 
l e v e l ;  r e s u l t s  a r e  g i v e n  I n  T a b l e  7 . 2 .  The a d d i t i o n  o f  D3 
was n o t  s i g n i f i c a n t  I n  6 c a s e s  o u t  o f  33 a n d ,  I n  a c c o r d a n c e  
w i t h  t h e  t e s t i n g  s t r a t e g y  d i s c u s s e d  e a r l i e r  ( p a g e  7 9 )  f o r  
s i m u l t a n e o u s  t e s t s ,  t h i s  o b s e r v e d  f r e q u e n c y  was c om p a r e d  w i t h
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T a b l e  7 - 2
G o o d n e s s  o f  f i t  o f  p r e l i m i n a r y  l i n e a r  m o d e l s -
V=b0 +b,  D2 H V=bo + b , 0 2 H+b2 D3
L o c a 1 I t y S p e c ! e s
No.
Obs-
A d j u s t e d
R2
Ad j  u s t e d  
R2
A d d ! 1 1 on 
o f  D3
Ol d  s t y l e  d a t a
02 01 150 - 9 1 9 . 9 2 3 *
02 108 . 9 0 1 . 9 2 9 *
03 88 . 9 0 6 . 9 2 5 *
03 01 95 . 9 4 6 . 9 4 8 *
02 103 . 8 7 4 . 9 0 5 *
03 72 . 9 0 2 . 9 2 7 *
07 01 86 . 9 3 3 . 9 3 5 *
02 420 . 9 3 2 . 9 4 2 ♦
07 0 01 42 . 9 0 8 . 9 1 2 NS
02 157 . 9 5 8 . 9 6 0 *
Nev s t y l e  d a t a
Oi l 01 65 . 9 2 6 . 9 2 5 NS
02 96 . 9 6 5 . 9 7 0 *
68 108 . 9 4  1 . 9 4 0 NS
02 01 57 . 9 3 1 . 9 3 9 *
02 45 . 9 2 2 . 9 3 2 *
03 54 . 9 4 2 . 9 5 6 *
0211 01 54 . 9 1 9 . 9 2 3 NS
02 54 . 9 3 5 . 9 5 4 *
03 54 . 9 3 0 . 9 4 2 *
022 01 44 . 9 5 9 . 9 6 1 NS
02 44 . 9 7 5 .981 *
03 44 . 9 6 5 . 9 7 2 *
06 44 . 9 5 6 . 9 6 4 H r
031 01 121 . 9 4 8 . 9 5 3 t r
02 111 . 9 6 2 . 9 7 5 *
03 126 . 9 5 5 . 9 6 5 *
68 131 . 9 4 8 . 9 4 9 NS
07 01 80 . 9 5 3 . 9 6 1 *
02 168 . 9 5 4 .961 *
091 01 157 . 9 6 5 . 9 7 5 *
02 156 . 9 6 6 . 9 7 7 *
06 156 . 9 6 2 . 9 7 0 *
68 153 . 9 5 4 . 9 5 5 *
I I I I
I n  33 due  t o  c h a n c e  a l o n e  ( f o r  p =a n  e x p e c t a t i o n  o f  1 . 65  
0 • 0 r<t ) • I h e r n  wn*3 f «wnH t ri hn n n I uh I f I » rinl » l t » f i « f  ! ur n ft  nm 
e x p e c t a t i o n ,  I n d i c a t i n g  t h a t  t h e  a d d i t i o n  o f  D3 d i d  n o t  
a l w a y s  p r o d u c e  a s i g n i f i c a n t  I m p r o v e m e n t  I n  f i t .
P l o t s  o f  t h e  t r a n s f o r m e d  r e s i d u a l s  s howed  o v e r a l l  
f i t s  w h i c h  r a n g e d  f r o m  good  t o  f a i r .  When c o m p a r e d  w i t h  t h e  
c o m b i n e d - v a r i a b l e  m o d e l ,  t h e  a d d i t i o n  o f  D3 a p p e a r e d  t o  Im­
p r o v e  t h e  f i t  f o r  s m a l l e r  t r e e s  w h i l e  a t  t h e  same t i m e  
I n t r o d u c i n g  some a p p a r e n t  b i a s  among t h e  v e r y <l a r g e s t  s i z e s .  
I n  g e n e r a l ,  h o w e v e r ,  t h e  D3 model  s h ow e d  a r e a s o n a b l y  go o d  
f i t  among t h e  t r e e  s i z e s  r e p r e s e n t e d  by t h e  b u l k  o f  t h e  d a t a .
The model  was a c c e p t e d  a s  a d e q u a t e  f o r  t e s t i n g  f o r  
d i f f e r e n c e s  w i t h i n  t h e  d a t a .  F u r t h e r  model  d e v e l o p m e n t  was 
c a r r i e d  o u t  a f t e r  f i n a l  d a t a  g r o u p i n g s  had b e e n  d e t e r m i n e d .
( I v )  GROUPING THE DATA
E a r l i e r  d i s c u s s i o n  I n  C h a p t e r  3 h a s  c o v e r e d  t h e  
ways  I n  w h i c h  d i f f e r e n t  w o r k e r s  d e a l t  w i t h  v a r i a t i o n  b e t w e e n  
s p e c i e s  a n d  . l o c a l i t i e s ,  b u t  q u a n t i t a t i v e  t e s t i n g  o f  t h e  
s i g n i f i c a n c e  o f  t h i s  v a r i a t i o n  I s  r e p o r t e d  l e s s  commonl y .  
G o l d i n g  a nd  H a l l  ( 1 9 6 1 )  f i t t e d  t h e  c o m b i n e d - v a r I  ab  1e model  t o  
t h r e e  C a n a d I a n  s p e c i e s  a nd  t e s t e d  t h e  r e g r e s s i o n  c o e f f i c i e n t s  
f o r  s i g n i f i c a n t  d i f f e r e n c e s .  B u r l e y  e t  a j . ( 1 9 7 2 )  u s e d  t h e  
A u s t r a l i a n  e q u a t i o n  w i t h  P I n u s  c a r l b a e a  f r om C u b a ,  and  t e s t e d  
t h e  r e g r e s s i o n s  f i t t e d  t o  t h r e e  d i f f e r e n t  a l t i t u d e  c l a s s e s  
f o r  d i f f e r e n c e s  by c o v a r i a n c e  a n a l y s i s .  B a r n a r d  e t  a_l.
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( 1 9 7 3 )  used d a t a  f rom t h e  n o r t h e a s t e r n  U n i t e d  S t a t e s ,  and 
t e s t e d  G i r a r d  f o r m - c l a s s  measurements f o r  s i g n i f i c a n t  d i f f e r ­
ences w i t h i n  s p e c i e s  due t o  l o c a t i o n .  Nash ( 1 9 7 3 b )  r e f e r s  t o  
t a p e r  r e g r e s s i o n s  f i t t e d  t o  d i f f e r e n t  s p e c i e s  and d i a m e t e r  
c l a s s e s  f o r  r a i n  f o r e s t  d a t a  f ro m S u r i n a m ,  wh ich  were t e s t e d  
f o r  s i g n i f i c a n t  d i f f e r e n c e s ,  bu t  g i v e s  no d e t a i l s  o f  t h e  
r e s u l t s .  A p a r t  f ro m t h e s e  e x a m p l e s ,  l i t t l e  seems t o  have  
been done by way o f  o b j e c t i v e  t e s t i n g .  Compar ison  o f  s c a t t e r  
d i a gr a ms  was used by H I n d l e y  ( 1 9 7 3 )  f o r  t h e  r a p i d  compa r i son  
o f . l a r g e  numbers o f  volume r e g r e s s i o n s  f o r  r a i n  f o r e s t  
s p e c i e s  I n  S a ra w ak ,  but  t h e  c om pa r i s o n s  were  e s s e n t i a l l y  
s u b j e c t  I v e .
The p r e s e n t  s t u d y  p r o v i d e d  an o p p o r t u n i t y  t o  de ­
v e l o p  an o b j e c t i v e  t e s t i n g  p r o c e d u r e  f o r  d a t a  c o v e r i n g  a 
r ange  of  l o c a l i t i e s  and s p e c i e s ,  and so produce  homogeneous 
groups o f  d a t a .
FAO ( 1 9 7 3 )  s u g ge s t  s e v e r a l  methods o f  t e s t i n g  f o r  
d i f f e r e n c e s  among d a t a  s e t s *  ( I )  by c om pa r i s on  o f  s c a t t e r  
d i a g r a m s ;  ( I I )  by c o v a r i a n c e  a n a l y s i s ;  and ( i l l )  by m u l t i ­
v a r i a t e  a n a l y s i s .  C o v a r i a n c e  a n a l y s i s  I s  d e s c r i b e d  I n  s t a n ­
dard  t e x t b o o k s  such as Snedecor  and Cochran ( 1 9 6 7 ) ,  and I t s  
a p p l i c a t i o n  t o  f o r e s t r y  d a t a  I s  d e s c r i b e d  by F r e e s e  ( 1 9 6 4 ) ,  
Kozak ( 1 9 7 0 )  and C u n l a  ( 1 9 7 3 ) .  I t  a l l o w s  t h e  o b j e c t i v e  
c o m pa r i so n  of  two o r  more r e g r e s s i o n  e q u a t i o n s  which have  
been f i t t e d  t o  d i f f e r e n t  s a m p l e s ,  t o  d e t e r m i n e  w he t he r  t h e  
samples  c o u l d  have come f rom t h e  same p o p u l a t i o n .  As w i t h  an 
o r d i n a r y  a n a l y s i s  o f  v a r i a n c e ,  a s s o c i a t e d  a p r I or  I or  a
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p o s t e r  f o r I  t e s t s  may be used f o r  t e s t i n g  d i f f e r e n c e s  between  
I n d i v i d u a l  samples I n  t h e  case  when more t ha n  two samples ar e  
I n c l u d e d  I n  t h e  a n a l y s i s .
Because of  t h e  v e r y  l a r g e  number o f  p o t e n t i a l  
c ompa r i son s  w i t h i n  and between t h e  s p e c i e s  and l o c a l i t i e s  
r e p r e s e n t e d  I n  t he  d a t a ,  I t  was n e c e s s a r y  t o  d e v e l o p  a 
p l a n n e d  a p p r o a c h ,  b o t h  t o  produce  l o g i c a l  g r o u p i n g s  and t o  
keep t h e  number of  compar i sons  down t o  manageabl e  l e v e l s .  
The a pp ro ach  used was as f o l l o w s :
( I )  combine c o n t i g u o u s  l o c a l i t i e s  I n t o
r eg  I o n s ;
( I I )  t e s t  f o r  l o c a l i t y  d i f f e r e n c e s  w i t h i n  
e ac h  s p e c i e s  w i t h i n  a r e g i o n ;
( I I I )  I f  a s p e c i e s  showed no d i f f e r e n c e s  
bet ween  l o c a l i t i e s  w i t h i n  more t h a n  one r e g i o n ,  
t e s t  f o r  d i f f e r e n c e s  between r e g i o n s .
The r e g i o n a l  g r o u p i n g s  used we r e :
Old  s t y l e  d a t a  
RegI  on 1
M e l v i l l e  and B a t h u r s t  I s l a n d s  02
Garden Pol  n t  03
RegI  on 2
Gove 07
Gove ( s i n g l e  t r e e s )  070
New s t y l e  d a t a  
R e g i o n  1
1 00
M e l v i l l e  and B a t h u r s t  I s l a n d s 02
Me 1v i  11e I s  1 and West  -  Ga rd e n  Po l  n t 0211
Me 1v i  11e I s  1 and E a s t 022
R e g i o n  2
Lake Eve 1 l a 011
Gove 07
R e g l o n  3
Murgene  1 1 a 031
M a n I n g r l d a 091
The c o v a r i a n c e  a n a l y s e s  w e r e  c a r r i e d  o u t  u s i n g  t h e
mode 1
V = b0 + b, D2 H + bED3
w e i g h t e d  by  1 / ( D 2 H)2 .  The m e t h o d  o f  dummy v a r i a b l e s  ( F r e e s e ,  
1 96 4 ;  G r o s e n b a u g h ,  1967)  was used w i t h  t h e  REX p r o g r a m .  I n  
c a s e s  wh e r e  s i g n i f i c a n t  d i f f e r e n c e s  we re  d e t e c t e d  d u r i n g  
c o m p a r i s o n s  o f  t h e s e  l o c a l i t i e s  ( r e g i o n  1, new s t y l e  d a t a ) ,  
a d d i t i o n a l  c o m p a r i s o n s  we re  c a r r i e d  o u t  ( C u n l a ,  1973)  t o  
d e t e r m i n e  I f  a ny  t w o  l o c a l i t i e s  c o u l d  be c o m b i n e d .  A l t h o u g h  
s u c h  a p o s t e r  I o r  I c o m p a r i s o n s  n o r m a l l y  r e q u i r e  a p p r o p r i a t e  
a d j u s t m e n t s  t o  t h e  p r o b a b i l i t y  l e v e l s  ( A c t o n ,  1 9 5 9 ) ,  s u c h  
a d j u s t m e n t s  w e r e  u n n e c e s s a r y  h e r e  b e c a u s e  a l l  p o s s i b l e  com­
b i n a t i o n s  o f  p a i r s  ( I . e . ,  t h r e e )  w e re  t e s t e d .
O l d  and new s t y l e  d a t a  w e r e  a g a i n  t e s t e d  s e p a r ­
a t e l y .  P r o b a b i l i t y  l e v e l s  o f  0 . 0 5  f o r  t h e  F - t e s t s  we re  
s e l e c t e d  as b e f o r e ,  b as ed  on t h e  p r o b a b l e  number  o f  t e s t s  t o
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be c a r r i e d  o u t *
The l e v e l s  o f  s e r i a l  c o r r e l a t i o n  d e t e c t e d  I n  t h e  
d a t a  we re  o f  c o n s i d e r a b l e  r e l e v a n c e  t o  t h e  c o v a r i a n c e  a n a l y ­
s e s ,  i n  t h a t  t h e  a p p a r e n t  d e g r e e s  o f  f r e e d o m  f o r  t h e  F - t e s t s  
w o u l d  have been  r e d u c e d  by unknown a m o u n t s .  R e s u l t s  o f  F -  
t e s t s  i n v o l v i n g  d a t a  s e t s  w i t h  s i g n i f i c a n t  s e r i a l  c o r r e l a t i o n  
we re  t h e r e f o r e  e x a m i n e d  w i t h  t h i s  p r o b l e m  i n  m i n d .  However  
i t  was f o u n d  t h a t ,  e v e n  when q u i t e  l a r g e  a r b i t r a r y  r e d u c t i o n s  
w e r e  made I n  t h e  assumed d e g r e e s  o f  f r e e d o m  ( e . g . ,  more t h a n  
h a l f )  t o  a l l o w  f o r  t h e  p o s s i b l e  e f f e c t s  o f  s e r i a l  c o r r e l ­
a t i o n ,  t h e  o u t c o m e s  we re  n o t  a l t e r e d .  I t  was o b v i o u s  f r o m  
t h e  r e l a t i v e l y  s m a l l  c h a n g e s  i n  t h e  c r i t i c a l  v a l u e s  o f  F 
p r o d u c e d  I n  t h i s  way t h a t  t h e  e f f e c t s  o f  s e r i a l  c o r r e l a t i o n  
w o u l d  become i m p o r t a n t  o n l y  I n  b o r d e r l i n e  c a s e s ,  and t h a t  t h e  
r e s u l t s  o f  c o v a r i a n c e  a n a l y s e s  w o u l d  g e n e r a l l y  be q u i t e  
r o b u s t  w i t h  r e s p e c t  t o  s e r i a l  c o r r e l a t i o n .
The f i n a l  g r o u p i n g s  p r o d u c e d  a r e  shown I n  T a b l e  
8 . 1 ,  page 117* O n l y  f i v e  g r o u p i n g s  o f  l o c a l i t i e s  p r o v e d  t o  
be p o s s i b l e ,  w i t h  t w o  f o r  t h e  o l d  s t y l e  d a t a  and t h r e e  f o r  
t h e  new s t y l e  d a t a ;  t h e  r e m a i n i n g  19 d a t a  s e t s  e a c h  c o v e r e d  
o n l y  one l o c a l i t y  f o r  a g i v e n  s p e c i e s .  The d a t a  f o r  l o c a l i t y  
070 ( G o v e ,  s i n g l e  t r e e s ,  o l d  s t y l e )  we re  f o u n d  t o  be 
i n c o m p a t i b l e  w i t h  d a t a  f o r  l o c a l i t y  07 ( G o v e ,  o l d  s t y l e )  
c o l l e c t e d  f r o m  p l o t s  w i t h i n  t h e  same a r e a ;  o n l y  t h e  07 d a t a  
w e r e  u s e d ,  b e c a u s e  t h e y  had been c o l l e c t e d  by  o b j e c t i v e  
s a m p l i n g  m e t h o d s .
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( v )  FURTHER MODEL DEVELOPMENT
W i t h  d a t a  g r o u p i n g s  d e t e r m i n e d  I t  became p o s s i b l e  
t o  b e g i n  d e v e l o p i n g  f i n a l  mode l s .  For  t h i s  purpose t h e  
s i n g l e  l a r g e s t  d a t a  s e t  was s e l e c t e d ,  I . e .  , l o c a l i t i e s  02 ,  
0 3 ,  and 07 ( o l d  s t y l e  d a t a ) ,  s p e c i e s  0 2 .  T h i s  d a t a  s e t  had 
s e v e r a l  a d v a n t a g e s -  I t  was by f a r  t h e  . l a r g e s t  w i t h  631 
o b s e r v a t i o n s ;  I t  combined d a t a  f rom w i d e l y  s e p a r a t e d  . 1o c a l -  
I t l e s  ( Me 1v! 11e - B a t h u r s t  and Gove)  and was t h e r e f o r e  presum­
a b l y  somewhat  more r e p r e s e n t a t i v e  t h a n  d a t a  f rom a s i n g l e  
l o c a l i t y ;  and I n  a d d i t i o n  t h e  d a t a  had been c o l l e c t e d  under  
t h e  o l d e r  s t a t i s t i c a l l y  v a l i d  method o f  o b j e c t i v e  s ub -  
samp l i n g .
The f i r s t  m a t t e r  r e q u i r i n g  I n v e s t i g a t i o n  was t h e  
adequacy  o f  t h e  w e i g h t i n g  f u n c t i o n  1 / ( D  H) , wh ich  had been 
d e v e l o p e d  e a r l i e r  by a somewhat  u n s a t i s f a c t o r y  method of  
t r i a l  and e r r o r  because of  t h e  l a r g e  number o f  d a t a  s e t s  
I n v o l v e d .  The d a t a  were  d i v i d e d  i n t o  D2 H c l a s s e s  of  equa l  
I n t e r v a l ,  t h e  D2, model was f i t t e d  w i t h  t h e  above w e i g h t i n g  
f u n c t i o n  and t h e  v a r i a n c e  o f  t h e  r e s i d u a l s  c a l c u l a t e d  w i t h i n  
each D2 H c l a s s .  R e s u l t s  a r e  g i v e n  I n  T a b l e  7 . 3 .
A p l o t  o f  t h e  r e s u l t s  I n d i c a t e d  t h a t  v a r i a n c e  was 
a p p r o x i m a t e l y  l i n e a r  w i t h  (mean D2 H)2 . A.model  o f  t he  form
s2 = b0 + b 1Dz H +
was f i t t e d  t o  t h e  c l a s s  r e s u l t s ,  w e i g h t e d  by t h e  number of  
o b s e r v a t i o n s  I n  each c l a s s ,  and I t  was f ound t h a t  a d d i t i o n  of  
t h e  D2 H t e r m  was not  s i g n i f i c a n t .  F u r t h e r  t e s t i n g  w i t h  a
model o f  t h e  f orm
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T a b l e  7 . 3
V a r i a n c e  a b o u t  t h e  mode l V = b 0 + b 1 D2 H + b^D3 ( w e i g h t e d  by 
1 / ( D 2 H)2 ) f i t t e d  t o  o l d  s t y l e  d a t a  f r o m  l o c a l i t i e s  0 2 ,  03 and 
0 7 ,  s p e c i e s  0 2 .
Number o f V a r i a n c e  o f
D2 H c l a s s Mean D2 H o b s e r v a t I o n s r e s  I d u a 1s
0 -  2500 1 3 6 2 .8 179 0 .0 0 0 1 2 1
2500 -  5000 3 6 5 2 . 9 181 0 .0 0 0 5 4 5
5000 -  7500 6 1 4 1 . 8 98 0 .0 0 2 0 6 3
7500 -  10000 8 7 0 9 . 2 68 0 . 0 0 5 0 8 3
10000 -  12500 1 1 2 6 5 .4 29 0 .0 0 3 2 2 5
12500 -  15000 1 3 5 6 0 .3 24 0 .0 0 6 7 2 0
15000 -  17500 1 6 2 9 1 .7 19 0 .0 1 8 0 8 6
17500 -  20000 1 8 4 0 0 .8 9 0 .0 3 8 2 8 4
20000  -  22500 2 1 1 5 4 .1 10 0 . 0 1 8 4 5 1
22500 -  250 00 2 3 0 2 3 . 5 5 0 .0 3 7 5 9 9
25000  + 3 9 1 6 2 . 2 9 0 . 1 1 7 6 1 6
s 2 = bD + b, ( D 2H )2
showed t h e  c o n s t a n t  t e r m  t o  be n o n - s i g n i f i c a n t .  T h i s  I n ­
d i c a t e d  a r e l a t i o n s h i p  o f  t h e  f o r m
s 2 = k ( D 2 H)2
and c o n f i r m e d  t h e  a d e q u a c y  o f  1 / ( 0  H) as a w e i g h t i n g  
f u n c t I  o n .
The v o lu m e  model I t s e l f  was t h e n  e x a m in e d .  The D3 
model had a l r e a d y  been  shown t o  p e r f o r m  r e a s o n a b l y  w e l l ,  and 
t h e r e f o r e  t h e  o r i g i n a l  model p o s t u l a t e d  I n  s e c t i o n  ( I l ) ( b )
V = bQ + b, D2 H + b2 D2 + b3 D3
was t e s t e d .  A d d i t i o n  o f  t h e  D t e r m  p r o v e d  t o  be n o n ­
s i g n i f i c a n t .  T h i s  made I t  n e c e s s a r y  t o  r e - e x a m i n e  w h a t  was 
r e q u i r e d  I n  t e r m s  o f  model p e r f o r m a n c e .
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Assuming no ma j or  changes I n  f o r m ,  t h e  volume of  
t h e  m e r c h a n t a b l e  b o l e  o f  a hardwood t r e e  would v a r y  w i t h  D2 
I f  log l e n g t h  r e ma i ned  c o n s t a n t ,  and would v a r y  w i t h  D I f  
log l e n g t h  was s t r i c t l y  p r o p o r t i o n a l  t o  d i a m e t e r .  As I n ­
d i c a t e d  by t h e  s t a nd  t a b l e s  i n  Ap pend i x  2 , .  1og ■ 1e n g t h  f o r  t h e  
N o r t h e r n  T e r r i t o r y  d a t a  g e n e r a l l y  showed a weak p o s i t i v e  
c o r r e l a t i o n  w i t h  d i a m e t e r ,  w h ic h  would t e n d  t o  produce  a 
l i n e a r  r e l a t i o n s h i p  between V and D t o  some I n t e r m e d i a t e  
power ,  p r o b a b l y  much c l o s e r  t o  2 t h a n  t o  3 .  The b e h a v i o u r  o f  
f or m and t a p e r  w i t h  changes I n  d i a m e t e r  and log . l e n g t h  
a p p e a r e d  t o  be e x t r e m e l y  e r r a t i c ,  wh ich  made I t  v i r t u a l l y  
I m p o s s i b l e  t o  d e t e r m i n e  t o  what  e x t e n t  I t  would t e n d  t o  
a f f e c t  t h i s  h i g h l y  o v e r s i m p l i f i e d  a s s u m p t i o n .
The e x p e c t e d  b e h a v i o u r  o f  volume w i t h  changes I n  
log l e n g t h  was c o n d i t i o n e d  by t h e  t r u n c a t i o n  o f  t h e  merchan­
t a b l e  b o l e  a t  crown b r e a k  or  some o t h e r . 11 mi11ng p o i n t .  Th i s  
pr odu ced  a w i de  r ange  o f  log l e n g t h s  f o r  a l l  d i a m e t e r s ,  and 
w i t h  g e n e r a l l y  p o s i t i v e  t a p e r  t h e  s h o r t e r  logs t e n d ed  t o  have  
m a r k e d l y  . l a r g e r  sma l l  end d i a m e t e r s  t h a n  t h e  l a r g e r  log  
l e n g t h s ,  w h i ch  I n  t u r n  a f f e c t e d  t h e  r a t e  o f  I n c r e a s e  I n  
volume w l t h . I n c r e a s l n g  log l e n g t h .  The e x p e c t a t i o n  t h e r e f o r e  
was t h a t  t h e  r a t e  o f  I n c r e a s e  I n  volume w i t h  log l e n g t h  would  
be r e duc ed  as log l e n g t h  I n c r e a s e d ,  I . e . ,  t h a t  V would show a 
l i n e a r  r e l a t i o n s h i p  w i t h  H t o  some power l ess  t h a n  1.
The minimum l i n e a r  model w h i ch  c o u l d  be e x p e c t e d  t o  
r e f l e c t  t he  r e q u i r e d  t y p e  o f  b e h a v i o u r  I s :

















F ig u re  7.1
B ehav iour o f  the  l i n e a r  model

















w i t h  s i g n s  o f  c o e f f i c i e n t s  as s h o w n .  T h i s  mode] e x p a n d s  t o  a 
t o t a l  o f  e i g h t  I n d e p e n d e n t  v a r i a b l e s  and  o b v i o u s l y  I n v o l v e s  
c o n s i d e r a b l e  " o v e r f  I t t  I n g ” ? h o w e v e r  I t  was t e s t e d  t o  d e t e r ­
m ine  w h e t h e r  I t  w o u ld  be h a v e  as r e q u i r e d .  F i g u r e  7 .1  shows 
t h e  b e h a v i o u r  o f  t h i s  m o d e l .
N o t  u n e x p e c t e d l y ,  t h e  b e h a v i o u r  o f  t h e  model was 
I l l o g i c a l ,  e s p e c i a l l y  when e x t r a p o l a t e d  b e y o n d  t h e  u p p e r  
l i m i t s  o f  t h e  d a t a .  The n e g a t i v e  q u a d r a t i c  I n  H c a n  be s e e n  
I n  t h e  f i g u r e  t o  r e a c h  a maximum and  t h e n  b e g i n  d e c l i n i n g *  I n  
t h i s  I n s t a n c e  t h e  maximum o c c u r s  b e y o n d  t h e  u p p e r  l i m i t  o f  
t h e  d a t a ,  b u t  t h e r e  I s  no  r e a s o n  why t h i s  s h o u l d  a l w a y s  be 
s o .
I t  a p p e a r e d  as I f  t h e  l i n e a r  m o d e ls  t e s t e d  s o  f a r  
may have  r e p r e s e n t e d  somewhat  u n s a t l s f a c t o r y  a p p r o x i m a t i o n s  
t o  a n o n - 1 I n e a r  r e l a t i o n s h i p .  I n  a c c o r d a n c e  w i t h  t h e  comment  
by  D r a p e r  and S m i t h  ( 1 9 6 6 )  q u o t e d  e a r l i e r  ( p a g e  7 3 ) ,  n o n ­
l i n e a r  m o d e ls  w e re  c o n s i d e r e d  as t h e  n e x t  s t a g e  o f  model 
d e v e 1o p m e n t .
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CHAPTER 8 : NON-LINEAR REGRESSION MODELS
N o n - l i n e a r  r e g r e s s i o n s  have  been used I n f r e q u e n t l y  
as t r e e  v o l u m e  m o d e l s ,  and t h e r e  a p p e a r  t o  be no  r e p o r t s  I n  
t h e  l i t e r a t u r e  o f  t h e i r  use w i t h  t r o p i c a l  h a r d w o o d s .  The 
l a r g e  am ou n t  o f  d a t a  a v a i l a b l e  f o r  t h e  N o r t h e r n  T e r r i t o r y  
p r o v i d e d  a good  o p p o r t u n i t y  f o r  t e s t i n g  t h e  p e r f o r m a n c e  o f  
n o n - I I  n e a r  m o d e l s  o v e r  a r a n g e  o f  s p e c i e s  and  l o c a l i t i e s .
( I )  F I TT I NG  NON-LINEAR MODELS
P a r a m e t e r  e s t i m a t e s  f o r  I n t r i n s i c a l l y  n o n - l i n e a r  
r e g r e s s i o n s  mus t  be o b t a i n e d  by an I t e r a t i v e  p r o c e s s  o f  
s u c c e s s i v e  a p p r o x i m a t i o n s ,  s t a r t i n g  w i t h  I n i t i a l  e s t i m a t e s  
and c o n v e r g i n g  t o  a f i n a l  r e s u l t *  V a r i o u s  me thods  a r e  
d i s c u s s e d  by  W i l l i a m s  ( 1 9 5 9 ) ,  D r a p e r  and S m i t h  ( 1 9 6 6 )  and 
S n e d e c o r  and  C o c h r a n  ( 1 9 6 7 ) -  A c o n c i s e  o v e r v i e w  I s  p r o v i d e d  
by B a r d  ( 1 9 6 7 ) »  who d i s c u s s e s  t w o  m a i n  m e t h od s  u n d e r  t h e  
h e a d i n g  o f  t h e  G a u s s - N e w t o n  me t hod  and t h e  D a v l d o n - F 1e t c h e r -  
P o w e l l  m e t h o d *  A l l  me th o ds  a t t e m p t  t o  m i n i m i s e  t h e  r e s i d u a l  
sum o f  s q u a r e s ,  o r  u s u a l l y  t o  m a x i m i s e  t h e  o b j e c t i v e  f u n c t i o n
"  A O
- C ( Y , -  Yr )
G e n e r a l l y ,  no  s i n g l e  me thod  c a n  be assumed s a t i s f a c t o r y  f o r  
a l l  c a s e s ,  as D r a p e r  and  S m i t h  ( 1 9 6 6 )  s t a t e *  " I n  g e n e r a l , . . .  
g i v e n  a p a r t i c u l a r  m e t h o d ,  a p r o b l e m  can  u s u a l l y  be c o n ­
s t r u c t e d  t o  d e f e a t  I t . ”
B a r d  ( 1 9 6 7 )  r ecommends  t h e  G a u s s - N e w t o n  method  f o r  
s t r a i g h t f o r w a r d  p a r a m e t e r  e s t i m a t i o n ,  p a r t i c u l a r l y  when t h e
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f i t  o f  t h e  model t o  t h e  d a t a  I s  e x p e c t e d  t o  be r e a s o n a b l y  
good.  The t r i a l s  w i t h  l i n e a r  models d e s c r i b e d  I n  t h e  
p r e v i o u s  c h a p t e r  I n d i c a t e d  t h a t  a good f i t  was h l g h l y  . 1 I k e 1y 
w i t h  n o n - l i n e a r  mo de l s ,  and t h e r e f o r e  t h e  Gauss-Newton method  
was f a v o u r e d .
M a r q u a r d t  ( 1 9 6 3 )  and D r a p e r  and S m i t h  ( 1 9 6 6 )  have  
o b s e r v e d  t h a t  t h e  Gauss-Newton method may no t  a l wa ys  c o n v er g e  
s a t i s f a c t o r i l y .  B a r d ' s  ( 1 9 6 7 )  N o n l i n e a r  P a r a m e t e r  E s t i m a t i o n  
and Programming (NLPE)  p r ogram I n c o r p o r a t e s  a number of  
r e f i n e m e n t s ,  I n c l u d i n g  t h e  o p t i o n a l  use of  c o n s t r a i n t s  on t h e  
p a r a m e t e r s  and changes t o  t h e  H e s s i a n  m a t r i x  t o  make I t  
a l w a ys  p o s i t i v e  d e f i n i t e .  However as not ed  a b o v e ,  t h e r e  was 
no c e r t a i n t y  t h a t  one p a r t i c u l a r  method would be s u c c e s s f u l ,  
and I t  was c o n s i d e r e d  d e s i r a b l e  t o  have a second method I n  
r e s e r v e .  B a r d ' s  ( 1 9 6 7 )  NLPE program p r o v i d e d  bo t h  t h e  
Gauss-Newton and D a v l d o n - F 1e t c h e r - P o w e 11 method as o p t i o n s ,  
and I t  was t h e r e f o r e  used f o r  f i t t i n g  n o n - l i n e a r  models t o  
t h e  N o r t h e r n  T e r r i t o r y  d a t a .
( I I  ) MODEL DEVELOPMENT
As f o r e s ha d owe d  I n  t h e  p r e v i o u s  c h a p t e r ,  a model  
was r e q u i r e d  which  would I n c o r p o r a t e  D t o  a power somewhat  
g r e a t e r  t h a n  2 and H t o  a power l e s s  t h a n  1. A model of  t h i s  
t y p e  was o r i g i n a l l y  proposed by Schumacher  and H a l l  ( 1 9 3 3 ) ,  
who r easoned  t h a t  a c o r r e l a t i o n  o f  form f a c t o r  w i t h  D and H 
would change t h e i r  powers f rom 2 and 1 r e s p e c t i v e l y ;  t h e y  
used a l o g a r i t h m i c  t r a n s f o r m a t i o n  o f  t h e i r  b a s i c  e q u a t i o n
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V = b0 Db' H bz
t o  produce  t h e  l o g a r i t h m i c  t r e e  volume e q u a t i o n .  Moser and 
Beers  ( 1 9 6 9 )  a v o id e d  th e  b i a s  i n h e r e n t  I n  t h e  l o g a r i t h m i c  
t r a n s f o r m a t i o n  by f i t t i n g  t h e  u n t r a n s f o r m e d  model as a non­
l i n e a r  r e g r e s s i o n  and e s t i m a t i n g  t h e  p a r a m e t e r s  d i r e c t l y .  
However t h e y  r e t a i n e d  t h e  o r i g i n a l  c o n d i t i o n  o f  c o n s t r a i n i n g  
th e  r e g r e s s i o n  s u r f a c e  t h r o u g h  t h e  o r i g i n .
Newnham ( 1 9 6 7 )  p roposed  a m o d i f i c a t i o n  t o  t h e  
c o m b i n e d - v a r I a b l e  model w h ich  I n v o l v e d  u s in g  p a r a m e t e r  e s t i m ­
a t e s  o b t a i n e d  by f i t t i n g  a . l o g a r i t h m i c  e q u a t i o n  as th e  
exp o n e n ts  o f  D and H, I n  p l a c e  o f  2 and 1 r e s p e c t i v e l y ;  t h e  
m o d i f i c a t i o n  p r o v i d e d  " . . .  sm a l l  bu t  c o n s i s t e n t  improvements  
I n  a c c u r a c y " .  T h i s  two s t a g e  a p p ro a c h  was Im p ro ved  upon by 
T u r n e r  ( 1 9 7 2 )  who used th e  same models
V =  b 0 + b , D bzHb3
but  e s t i m a t e d  th e  p a r a m e te r s  d i r e c t l y  by n o n - l i n e a r  methods.
The above model was a d o p te d  f o r  
N o r t h e r n  T e r r i t o r y  d a t a .  I t  a p p e a r e d  
n o n - I I  nea r  model w h ic h  would  behave as 
b e in g  s u b j e c t  t o  c o n s t r a i n t s  such as 
c o n s t a n t  t e r m .
t e s t  In g  w i t h  th e  
t o  be t h e  s i m p l e s t  
r e q u i r e d ,  w i t h o u t  
th e  absence o f  a
The d a t a  s e t  used p r e v i o u s l y  f o r  t e s t i n g  th e  
p r e l i m i n a r y  l i n e a r  model ( o l d  s t y l e  d a t a ,  l o c a l i t i e s  0 2 ,  03
and 0 7 ,  s p e c i e s  0 2 )  was a l s o  used I n  I n i t i a l  t r i a l s  w i t h  t h e  
n o n - l i n e a r  m ode l .  The model was f i t t e d  -  I n i t i a l l y  unweigh­
t e d  -  us ing  th e  G auss-Newton o p t i o n  I n  B a r d ' s  ( 1 9 6 7 )  NLPE 
p ro g ra m ,  w i t h  I n i t i a l  e s t i m a t e s  o f  t h e  p a r a m e t e r s  o b t a l n e d
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f r o m  t h e  p r i o r  f i t t i n g  o f  Sc h u ma c h e r  and H a l l ' s  ( 1 9 3 3 )  
l o g a r i t h m i c  e q u a t i o n -  C o n v e r g e n c e  was a c h i e v e d  a f t e r  o n l y  6 
i t e r a t i o n s ,  g i v i n g  t h e  model
V = - 0 . 0 1 6 8 3  + 0 . 0 0 0 0 8 4 9 9 8  D2 027G H ° ' 6fl4° 3
B a r t l e t t ' s  t e s t  on t h e  r e s i d u a l s  c o n f i r m e d  t h a t  
s i g n i f i c a n t  h e t e r o s c e d a s t I  c l t y  was p r e s e n t ,  and  e x a m i n a t i o n  
o f  v a r i a n c e s  w i t h i n  D2 H c l a s s e s  I n d i c a t e d  t h a t  1 / ( D 2 H)2 w o u l d  
a g a i n  be a s u i t a b l e  w e i g h t i n g  f u n c t i o n .  Howeve r  w e i g h t i n g  
t h e  model  c r e a t e d  p r o b l e m s  I n  a c h i e v i n g  c o n v e r g e n c e ;  a l t h o u g h  
t h e  u n w e i g h t e d  model  had used  o n l y  8 s e c o n d s  o f  c o m p u t e r  
t i m e ,  t h e  w e i g h t e d  model  had s t i l l  n o t  c o n v e r g e d  a f t e r  10 
m i n u t e s .  T r i a l s  on a number  o f  s m a l l e r  d a t a  s e t s  a c h i e v e d  
c o n v e r g e n c e  ( a f t e r  more t h a n  14000 I t e r a t i o n s  i n  one c a s e ) ,  
b u t  e x a m i n a t i o n  o f  t h e  r e s i d u a l s  I n d i c a t e d  t h a t  I n  most  c a s e s  
a m in i mum had n o t  been r e a c h e d ,  d e s p i t e  t h e  f a c t  t h a t  a 
m in i mum was I n d i c a t e d  by  t h e  s i g n s  o f  t h e  e i g e n v a l u e s  o f  t h e  
H e s s i a n  m a t r i x  ( M o r r i s o n ,  1 9 7 6 ) .
T u r n e r  ( 1 9 7 2 )  a l s o  had c o n v e r g e n c e  p r o b l e m s  w i t h  
t h e  same n o n - l i n e a r  model  and a s i m i l a r  w e i g h t i n g  f u n c t i o n ,  
a l t h o u g h  Moser  and B e e r s  ( 1 9 6 9 )  d i d  a c h i e v e  c o n v e r g e n c e  w i t h  
t h e i r  s omewhat  s i m p l e r  model  and an an e x p o n e n t i a l  w e i g h t i n g  
f u n c t i o n .  F u r t h e r  t r i a l s  u s i n g  t h e  Dav l  don.-F 1 e t c h e r - P o w e  1 1 
o p t i o n  and u s i n g  Moser  and B e e r ' s  model  as an a l t e r n a t i v e  
w e r e  u n s u c c e s s f u l .  C o n v e r g e n c e  was a c h i e v e d  w i t h  t h e  o r i g ­
i n a l  d a t a  s e t  a f t e r  346 I t e r a t i o n s  by  c h a n g i n g  t h e  w e i g h t i n g  
f u n c t i o n  f r o m  1 / ( D 2 H)2 t o  1/D2 H,  b u t  f r o m  e a r l i e r  r e s u l t s  
w i t h  t h e  l i n e a r  m o d e l s  I t  seemed l i k e l y  t h a t  t h i s  w e i g h t i n g
f u n c t i o n  w o u l d  n o t  a d e q u a t e l y  c o r r e c t  t h e  h e t e r o s c e d a s t I c I t y  
p r e s e n t  I n  t h e  d a t a .
F o l l o w i n g  s u g g e s t i o n s  f r o m  J . W.  L e e c h  ( p e r s .  comm. )  
t h e  d e v i a t e s  w e re  r e s c a l e d  t o  c o r r e c t  t h e  v e r y  s m a l l  v a l u e s  
p r o d u c e d  f o l l o w i n g  t r a n s f o r m a t 1 on by  1 / D2 H. The G a u s s - N e w t o n  
o p t i o n  o f  NPLE t h e n  s u c c e s s f u l l y  c o n v e r g e d  I n  a r e a s o n a b l e  
t i m e  t o  g i v e  s e n s i b l e  p a r a m e t e r  e s t i m a t e s .  T r i a l s  w i t h  a 
number  o f  d a t a  s e t s  i n d i c a t e d  t h a t  r e s c a l i n g  t h e  d e v i a t e s  by 
a f a c t o r  o f  1000 g e n e r a l l y  p r o d u c e d  t h e  b e s t  b a l a n c e  b e t w e e n  
t h e  number  o f  I t e r a t i o n s ,  w h i c h  a p p r o a c h e d  a min i mum w i t h  a 
s c a l i n g  f a c t o r  a p p r o x i m a t e l y  e q u a l  t o  mean Da H, and t h e  
s t a n d a r d  d e v i a t i o n s  o f  t h e  p a r a m e t e r  e s t i m a t e s ,  w h i c h  I n ­
c r e a s e d  w i t h  i n c r e a s e s  I n  t h e  s c a l i n g  f a c t o r .  The w e i g h t e d  
model  p r o d u c e d  w i t h  t h e  o r i g i n a l  d a t a  s e t  and a s c a l i n g  
f a c t o r  o f  1000 w a s ’
V = - 0 . 0 0 7 3 4  + 0 . 0 0 0 0 6 1 2 0 5  D 2-1025 H 0*70117
The b e h a v i o u r  o f  t h i s  model  I s  shown i n  F i g u r e  8 . 2 .  
I t  a p p e a r e d  t o  p r o v i d e  t h e  t y p e  o f  r e s p o n s e  p o s t u l a t e d  I n  t h e  
d i s c u s s i o n  i n  C h a p t e r  7 ,  and seemed s u i t a b l e  f o r  f i t t i n g  t o  
t h e  r e m a i n i n g  d a t a  s e t s  f o r  f u r t h e r  t e s t i n g .
F i n a l l y  t h e  model  was b r i e f l y  I n v e s t i g a t e d  t o  
d e t e r m i n e  w h e t h e r  t h e r e  w e r e  a n y  g r o u n d s  f o r  r e d u c i n g  t h e  
number  o f  p a r a m e t e r s  t o  be e s t i m a t e d .  O m i s s i o n  o f  t h e  
c o n s t a n t  t e r m  as p e r  Moser  and B e e r s  ( 1 9 6 9 )  c o u l d  n o t  be 
j u s t i f i e d ,  as t h i s  t e r m  was s i g n i f i c a n t l y  d i f f e r e n t  f r o m  z e r o  
( - 0 . 0 0 7 3 4  w i t h  an  s o f  0 . 0 0 0 6 7 ) *  Nor  c o u l d  a m o d i f i c a t i o n  

















F ig u re  8.1
B ehav iou r o f  th e  model

















and H a l l ' s  ( 1 9 3 3 )  o r i g i n a l  e q u a t i o n  be j u s t i f i e d ^  t h e  e x p o n ­
e n t s  o f  D and  H ( 2 . 1 0 2 5  w i t h  s = 0 . 0 0 3 4 ,  and  0 . 7 0 1 1 7  w i t h  s = 
0 . 0 0 2 6 7 )  o b v i o u s l y  gave  a t o t a l  w h i c h  was s i g n i f i c a n t l y  
d i f f e r e n t  f r o m  3 .  The a b o v e  model was t h e r e f o r e  a d o p t e d  . f o r  
f u r t h e r  t e s t i n g .
( I l l )  THE F INAL MODEL
( a )  C o m p a r i s o n  o f  L i n e a r  and  N o n - I I  n e a r  M o d e ls
L i n e a r  and n o n - 11 n e a r  m o d e ls  a r e  n o t  c om m on ly  
c o m p a r e d  I n  t h e  l i t e r a t u r e .  Moser  and B e e r s  ( 1 9 6 9 )  used 
F u r n l v a l ' s  ( 1 9 6 1 )  I n d e x  o f  f i t  t o  c o m p a re  t h e  l o g a r i t h m i c  
model w i t h  t h e  e q u i v a l e n t  n o n - l I n e a r  m o d e l .  T u r n e r  ( 1 9 7 2 )  
used  s t a n d a r d  e r r o r  o f  e s t i m a t e  (SEE)  t o  c o m p a re  h i s  n o n ­
l i n e a r  mode l w i t h  s e v e r a l  11 n e a r  mode 1s , and a l s o  c o m p a re d  
model b e h a v i o u r  o v e r  t h e  r a n g e  o f  h i s  d a t a .  Young and
V a s s l l l o u  ( 1 9 7 4 )  c o m p a re d  a l i n e a r  and  n o n - l i n e a r  model by 
c a l c u l a t i n g  a c h i - s q u a r e  v a l u e  f r o m  a c o m p a r i s o n  o f  o b s e r ­
v a t i o n s  w i t h  model p r e d i c t i o n s  I n  e a c h  c a s e .
As m e n t i o n e d  I n  C h a p t e r  6 ,  m e th o d s  o f  h y p o t h e s i s  
t e s t i n g  f o r  n o n - l i n e a r  m o d e ls  a r e  n o t  w e l l  d e v e l o p e d .  Com­
p a r i s o n s  b e t w e e n  . l i n e a r  and n o n - l i n e a r  m o d e ls  a r e  t h e r e f o r e  
t o  some e x t e n t  o n l y  I n d i c a t i v e ,  w i t h  I n d i c e s  s u c h  as SEE, f o r  
e x a m p l e ,  o n l y  a p p r o x i m a t e  I n  t h e  n o n - 1 I n e a r  c a s e  b e c a u s e  o f  
t h e  l a c k  o f  e x a c t  m e th o d s  f o r  d e t e r m i n i n g  d e g r e e s  o f  f r e e d o m .  
L i k e l i h o o d  I n d i c e s  s u c h  as F u r n l v a l ' s  ( 1 9 6 1 )  I n d e x  may n o t  
a l w a y s  behave  c o n s i s t e n t l y ,  as c a n  be s e e n  f r o m  Moser  and
B e e r ' s  . ( 1 9 6 9 )  p u b l i s h e d  r e s u l t s ,  where o n l y  m inor  changes In  
t h e  c o e f f i c i e n t s  between t h e i r  w e ig h te d  and unw e igh ted  model 
produced  a v e r y  l a r g e  change I n  t h e  F u r n l v a l  I n d e x -  The use 
o f  c h i - s q u a r e  by Young and V a s s l l i o u  ( 1 9 7 * 0  r e p r e s e n t s  a 
measure o f  t h e  p e r f o r m a n c e  o f  a model as a p r e d i c t o r  -  
In d e p e n d e n t  of model fo rm  -  and so c i r c u m v e n t s  t h e  p rob lem  t o  
some e x t e n t ,  but  I s  most s u i t e d  t o  I n t e g e r  o b s e r v a t i o n s  o f  
t h e  dep en d en t  v a r i a b l e .
For  models f i t t e d  t o  t h e  same d a t a  s e t  w i t h  a 
re  1 a t  I v e 1y . 1 a r g e  number o f  o b s e r v a t i o n s ,  t h e  SEE r e p r e s e n t s  
o n l y  a s i m p l e  s q u a re  r o o t  t r a n s f o r m a t I  on o f  th e  r e s i d u a l  SS 
I n  each  c a s e ,  w i t h  a d j u s t m e n t s  f o r  t h e  number o f  p a r a m e te r s  
I n  e a c h  model h a v in g  n e g l i g i b l e  e f f e c t .  When a w e i g h t i n g  
t r a n s f o r m a t i o n  I s  used w h ic h  I s  h i g h l y  c o r r e l a t e d  w i t h  volume  
( e . g . ,  1 /D 2 H ) ,  t h e n  a c h i - s q u a r e  I n d e x  a l s o  becom es, 1 1 t t 1e
more t h a n  a s i m p le  p r o x y  f o r  t h e  r e s i d u a l  SS, I n  t h a t  th e  
d e n o m in a to r  I n  th e  e x p r e s s i o n
^ ( o b s e r v e d  -  e x p e c t e d )  / ( e x p e c t e d )  
t e n d s  to w a rd s  a c o n s t a n t ,  i . e . ,  V / ( D  H ) .  For  t h e s e  r e a s o n s ,  
and I n  v iew  o f  th e  l a c k  o f  we 11- d e v e 1 oped t e c h n i q u e s  f o r  
h y p o t h e s i s  t e s t i n g  w i t h  n o n - l i n e a r  m o d e ls ,  c o m p a r iso n s  be­
tween  t h e  l i n e a r  and n o n - I I  n e a r  models were c o n f i n e d  t o  
r e s i d u a l  SS v a l u e s  and g e n e r a l  c o n s i d e r a t i o n s  o f  model 
b e h a v i o u r  I n  each  c a s e .
T a b le  8 .1  g i v e s  t h e  r e s i d u a l  SS f o r  b o th  t h e ,11 near  
D3 model and th e  n o n - I I  n e a r  model on each  o f  t h e  f i n a l  d a t a  



















Behaviour of the model


















pr oduced  a b e t t e r  f i t  t o  t h e  d a t a .  An a p p r o x i m a t e  I n d i c a t i o n
o f  o v e r a l l  model p e r f o r m a n c e  a c r o s s  a l l  o f  t h e  d a t a  was
o b t a i n e d  by p o o l i n g  a l l  o f  t h e  r e s i d u a l  SS v a l u e s  f o r  each
- 8
m o de l ,  g i v i n g  a t o t a l  o f  1 3 * 9 3 x 1 0  f o r  t h e  n o n - 1 I near  model
. g
and 1 4 * 3 0 x 1 0  f o r  t h e  l i n e a r  mo de l ;  t h i s  c o n f i r m e d  t he  
s u p e r i o r  p e r f o r m a n c e  of  t he  n o n - l i n e a r  model .
Model  b e h a v i o r  was t he n  e x a m i n e d ,  us i ng  t h e  same 
d a t a  s e t  as I n  t h e  p r e v i o u s  s e c t i o n .  F i g u r e s  8*1  and 8 . 2  
d e p i c t  t h e  b e h a v i o u r  of  t h e  l i n e a r  and n o n - 1 I near  models  
r e s p e c t i v e l y .  The l i n e a r  model c o u l d  no t  p r o v i d e  t h e  k i n d  of  
c u r v i l i n e a r  r e l a t i o n s h i p  w i t h  h e i g h t  wh ich  was r e q u i r e d ,  
because I t  I n c l u d e d  H o n l y  as a l i n e a r  t e r m ,  and I n  a d d i t i o n  
I t  gave c o n s i d e r a b l y  h i g h e r  p r e d i c t e d  volumes t h a n  t h e  non­
l i n e a r  model f o r  l a r g e r  t r e e s .  Compar ison  o f  t h e  p l o t t e d  
r e s i d u a l s  f o r  each model ( F i g u r e  8 . 3 )  I n d i c a t e d  t h a t  among 
t h e  l i m i t e d  number o f  l a r g e r  t r e e s  -  above abo ut  1 c u b i c  
m e t r e  -  t h e  l i n e a r  model t en de d  t o  o v e r e s t i m a t e  vo l ume,  w h i l e  
t h e  n o n - 11 n e a r  model  p e r f o r m e d  s a t i s f a c t o r i l y .  There  ap­
p e a r e d  t o  b e . l i t t l e  d i f f e r e n c e  between t h e  t wo models among 
t h e  s m a l l e r  s i z e d  t r e e s .  The n o n - l i n e a r  model was a c c e p t e d  
as g i v i n g  a b e t t e r  f i t  f o r  l a r g e r  t r e e s  t h a n  t h e . l i n e a r  
mo de l ,  as w e l l  as an o v e r a l l  b e t t e r  f i t  t o  a l l  o f  t h e  d a t a .  
I n  a d d i t i o n  I t  p r o v i d e d  t h e  e x p e c t e d  t y p e  o f  b e h a v i o u r  f o r  
m e r c h a n t a b l e  b o l e  volume o f  hardwood t r e e s .
( b )  E x am in i ng  t h e  N o n - l i n e a r  Model
There  were no e x a c t  methods a v a i l a b l e  f o r  c o v a r -
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T a b le  8*1
G oodness  o f  f i t  o f  t h e  l i n e a r  and n o n - l i n e a r  m o d e ls *
L o c a  11 t y  S p e d  es
No.
Obs.
R e s i d u a l  SS ( x I O 8 
V=b0 +b, D2 H+b-,D3 and
) f o r  mode 1 •
V= b0 +b, Dbz Hb3
O ld  s t y l e
02
d a t a
01 150 . 6 2 8 5 . 6 1 8 4
03 01 95 . 2 4 4 4 . 2 4 5 6
07 01 86 . 4 5 1 2 .4 4 6 3
02+03+07 02 631 2 . 9 9 9 9 3 . 0 6 3 3
02+03 03 160 . 6 3 2 0 . 5 6 1 8
New s t y l e
011
d a t a
01 65 . 4 1 2 8 . 3 3 2 4
02+022 01 101 . 3 8 7 0 . 4 1 7 2
02 11 01 54 . 1 7 9 7 . 1743
031 01 121 . 6 7 8 7 .6 0 0 8
07 01 80 .2681 .2761
09 1 01 157 .1(765 . 4 6 2 0
011 02 96 . 2 5 3 0 . 2237
0 2 + 02 11+ 022 02 143 .1(512 . 4 5 1 9
031 02 1 11 . 3 3 6 6 . 3 3 2 3
07 02 168 . 9 0 2 5 . 7 4 8 6
091 02 156 . 4 1 7 8 . 3 8 8 0
02+022 03 98 . 3 4 1 4 . 3 3 8 6
02 1 1 03 54 . 1609 . 1 5 9 6
031 03 126 . 6 5 4 0 . 6 7 5 1
022 06 44 .201(7 . 1 5 9 5
091 06 156 . 9 0 4 8 . 8 4 3 9
011 68 108 . 7 2 3 7 . 7 1 8 7
031 68 131 . 7 0 3 2 . 7 4 0 4
091 68 153 . 9 7 1 1( . 9 4 7 9
11ß
l a n c e  a n a l y s e s  us i ng  n o n - l l n e a r  models a nd ,  d e s p i t e  t he  
a p p a r e n t  b i a s  I n  t h e  l i n e a r  model f o r  l a r g e r  t r e e s  and I t s  
somewhat uns at  1s f a c t o r y  r e spo nse  w i t h  h e i g h t ,  t h e  f i t  o f  each  
model was r o u g h l y  c om pa r ab le  o v e r  t h e  b u l k  o f  t h e  d a t a .  The 
d a t a  g r o u p i n g s  produced f rom t h e  c o v a r i a n c e  a n a l y s e s  w i t h  t h e
l
l i n e a r  D model were t h e r e f o r e  used as f i n a l  g r o u p i n g s  f o r  
t h e  n o n l i n e a r  model as w e l l .  A p pend i x  3 l i s t s  t h e  p a r a m e t e r  
e s t i m a t e s  f o r  t h e  n o n - l l n e a r  model f i t t e d  t o  e ac h  d a t a  s e t .
B I o l o g l c a l  V a 1 I d l t y
Because o f  t h e  e as e  w i t h  w h ic h  a l a r g e  number of  
a l t e r n a t i v e  models can be f i t t e d  t o  t h e  same d a t a  by us ing  
modern compu t i ng  t e c h n i q u e s ,  c o n s i d e r a t i o n  must be g i v e n  t o  
t h e  b i o l o g i c a l  v a l i d i t y  o f  any model w h ic h  I s  a d o p t e d .  Kozak  
( 1 9 7 3 )  has d i s c u s s e d  s i t u a t i o n s  where c o n d i t i o n e d  r e g r e s s i o n s  
may no t  f a i t h f u l l y  r e f l e c t  t h e  b e h a v i o u r  o f  t h e  d a t a ,  and 
S c h r e u d e r  and Swank ( 1 9 7 3 )  r e j e c t e d  a model w i t h  a p p a r e n t l y  
good f i t  because I t  was not  " b i o l o g i c a l l y  i n t e r p r e t a b l e " .  
The e x p e c t e d  b e h a v i o u r  o f  m e r c h a n t a b l e  b o l e  volume f o r  
hardwood t r e e s  has been d i s c u s s e d  I n  C h a p t e r  7 .  The non­
l i n e a r  models f i t t e d  t o  t h e  f i n a l  d a t a  g r o u p i n g s  were  
examined not  o n l y  t o  d e t e r m i n e  w h e t h e r  t h e y  p r o v i d e d  t h i s  
p a r t i c u l a r  t y p e  of  b e h a v i o u r ,  but  a l s o  t o  e n s u r e  t h a t  any
o t h e r  f e a t u r e s  o f  model respo nse  f o l l o w e d  s e n s i b l e  t r e n d s .
✓
The v a l u e s  f o r  t h e  e xp o n e n t  o f  D,  I . e . ,  b2 I n  t h e  




Plotted residuals for the linear and non-linear model.
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l i s t e d  I n  Appendi x  3 range  f rom 1 . 6 5  t o  2 . 3 4 .  A l t h o u g h  I t  
had been e x p e c t e d  ( page  104)  t h a t  t h e  exponent  would t e n d  t o  
be somewhat  g r e a t e r  t h a n  2 ,  t h i s  had been s u b j e c t  t o  t he  
d e g r e e  o f  c o r r e l a t i o n  between D and H -  wh i ch  can be seen  
f ro m Ap p en d i x  2 t o  be g e n e r a l l y  poor  -  and t o  u n c e r t a i n t y  
abo ut  t h e  p o s s i b l e  e f f e c t s  o f  v a r i a t i o n s  I n  stem f o r m .  
V a l u e s  o f  l e s s  t h a n  2 d i d  not  t h e r e f o r e  I n v a l i d a t e  t h e  mode l ,  
and t h e  r ange  o f  v a r i a t i o n  i t s e l f  J u s t i f i e d  t h e  d e c i s i o n  t o  
a l l o w  t h e  exp onent  of  D t o  v a r y .  The s t a n d a r d  d e v i a t i o n s  o f  
t h e  p a r a m e t e r  e s t i m a t e s  I n d i c a t e d  t h a t  23 o u t  o f  24 were  
s i g n i f i c a n t l y  d i f f e r e n t  f rom 2 ( f o r  p = 0 . 0 5 ) .
The e x p e c t a t i o n  c o n c e r n i n g  t h e  e x p o ne nt  o f  H ( I . e . ,  
b 3 above)  had t h e  somewhat sounder  b a s i s  t h a t  t a p e r  was 
g e n e r a l l y  p o s i t i v e  ( s e e  page 1 0 4 ) .  The v a l u e s  shown i n  
Ap pend i x  3 r ange  f rom 0 . 4 7  t o  0 . 9 4 ,  and a l l  were s i g n i f ­
i c a n t l y  d i f f e r e n t  f ro m 1 ( f o r  p = 0 . 0 5 ) .  The m aj or  d i f f e r ­
ence I n  b e h a v i o u r  be tween t h e  l i n e a r  and n o m l l n e a r  model -  
I . e . ,  a t r e n d  o f  V w i t h  H wh ich  was convex upwards r a t h e r  
t h a n  11 near  -  was t h e r e f o r e  p r e s e n t  f o r  a l l  d a t a  s e t s .
The e s t i m a t e s  of  p a r a m e t e r  b, v a r y  f rom 0 . 0 0 0 0 2 7  t o  
0 . 0 0 0 4 9 ,  w i t h  most I n  t h e  r ange  0 . 0 0 0 0 4  t o  0 . 0 0 0 1 .  Th i s  
r e p r e s e n t s  c o n s i d e r a b l y  more v a r i a t i o n  t h a n  f o r  t h e  compar ­
a b l e  p a r a m e t e r  i n  a c o m b i n e d - v a r i ab 1e mode l ,  where t h e  
r e g r e s s i o n  c o e f f i c i e n t  i s  s t r o n g l y  c o r r e l a t e d  w i t h  form  
f a c t o r .  I n  t h e  n o n - l i n e a r  mode l ,  howeve r ,  b t was s t r o n g l y  
c o r r e l a t e d  w i t h  t h e  e xp o n e n t s  o f  D and H,  and v a r i a t i o n  i n  
t h e s e  e xp o n e n t s  l ed  t o  much w i d e r  v a r i a t i o n s  i n  t h e  e s t i m a t e s
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o f  bj t h a n  f o r  t he  I I nea r  c a s e .
The v a l u e s  f o r  bG shown I n  Ap pend i x  3 a r e  predom­
i n a t e l y  n e g a t i v e .  Kozak ( 1 9 7 3 )  has commented t h a t  i n  many 
cas es  t h e  magn i t ude  and s i g n  o f  t h e  c o n s t a n t  t erm i n  a 
r e g r e s s i o n  model may not  be of  any s i g n i f i c a n c e  when d a t a  f o r  
v e r y  s m al l  t r e e s  I s  l a c k i n g ;  however I n  t h i s  case  some o f  t h e  
d a t a  s e t s  d i d  I n c l u d e  r e l a t i v e l y  sm a l l  t r e e s .  The use o f  
m e r c h a n t a b l e  volume can be e x p e c t e d  t o  . l e a d  t o  a n e g a t i v e  
c o n s t a n t  t e r m ,  I n  t h a t  m e r c h a n t a b l e  volume w i l l  become z e r o  
f o r  t r e e s  be l ow a c e r t a i n  s i z e .  The l a r g e s t  n e g a t i v e  v a l u e s  
o f  bQ were a s s o c i a t e d  w i t h  t h e  d a t a  s e t s  l a c k i n g  o b s e r v a t i o n s  
f o r  t h e  s m a l l e s t  s i z e s ,  which  p a r t l y  s u p p o r t s  K o z a k ' s  ( 1 9 7 3 )  
comments,  bu t  t h e  p a r a m e t e r  e s t i m a t e s  were s t i l l  of  t h e  
e x p e c t e d  s i g n .  A l l  models y i e l d e d  s e n s i b l e  v a l u e s  o f  p r e ­
d i c t e d  volume f o r  t h e  s m a l l e s t  t r e e s  I n  t h e i r  d a t a  s e t s .
D e s p i t e  t h e  r e l a t i v e l y  wide  v a r i a t i o n s  I n  p a r a m e t e r  
e s t i m a t e s ,  a l l  o f  t h e  n o n - l i n e a r  models behaved I n  a b i o l o g i ­
c a l l y  s e n s i b l e  manner .
S t a t i s t i c a l  R i g ou r
The s t a t i s t i c a l  a ss umpt ions  o f  homoscedast I  c l t y ,  
I n depe ndence  and n o r m a l i t y  were t e s t e d  f o r  t h e  n o n - l i n e a r  
model on each  d a t a  s e t .  R e s u l t s  a r e  g i v e n  I n  T a b l e  8 . 2 .
Of t h e  23 r e s u l t s  o b t a i n e d  f rom B a r t l e t t ' s  t e s t ,  17 
were n o n - s i g n i f i c a n t  and 6 s i g n i f i c a n t  a t  t he  5% l e v e l .  Th i s  
p r o p o r t i o n  r e p r e s e n t e d  a s i g n i f i c a n t  d e p a r t u r e  f rom e x p e c -
T a b l e  8 , 2
1 22
R e s u l t s  of  t e s t i n g  f o r  he t e  rosceclas 11 c l  t y . s e r i a l  c o r r e l a t i o n  




not  s I g n l f I  c a n t ; 
s I g n l f I  c a n t ; 
s i g n i f i c a n t  p o s i t i v e ;
no r e s u l t  ( s e e  p .  8 2 ) ;  
( - )  s i g n i f i c a n t  n e g a t i v e .
ii H e t e r o - S e r i  a 1 Norma 111y
No.  ! s c e d a s - c o r r e 1-
Loca l  11y Spec I es Obs.  ! 11 c l t y a t  I on Skewness K u r t o s l s
Old s t y l e  d a t a »i
02 01 150 i NS NS NS NS
03 01 95 ! NS NS NS NS
07 01 86 ; i —
* ( + ) ( + )
02+ 03 +07  02 631 ! NS * NS ( + )
02+03 03 160 ! ( NS
* NS NS
New s t y l e  d a t a
---------- , _
11
011 01 65 ! * NS NS NS
02+022 01 i o i  ! NS * ( - ) ( + )
02 1 1 01 54 ! NS NS ( - ) NS
031 01 12 1 i NS * NS NS
07 01 80 j NS * NS NS
091 01 157 !i
* * NS NS
011 02 96 i NS NS NS NS
0 2+ 02 11+ 022  02 143 ! NS * NS NS
031 02 i n  ! NS * NS NS
07 02 168 ! NS * NS NS
091 02 156 ! 1
* * NS ( + )
02+022 03 98 ! NS * ( + ) NS
02 1 1 03 54 ; NS * NS ( + )
031 03 126 !i NS
* NS NS
022 06 44 ! NS NS NS NS
091 06 156 !i
* * NS NS
011 68 108 ! NS * NS NS
031 68 131 * * NS NS
091 68 153 !i
* * NS NS
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t a t ! on due t o  c h a n c e  a l o n e ,  I n d i c a t i n g  t h a t  some d e g r e e  o f  
h e t e r o s c e d a s t 1 c l t y  was p r e s e n t .  The u n t r a n s f o r m e d  v a r i a n c e s  
f o r  t h e  d a t a  s e t  used I n  v a l i d a t i n g  t h e  w e i g h t i n g  f u n c t i o n  
( s e e  C h a p t e r  7 )  a g a i n  showed s i m i l a r  t r e n d s ,  b u t  f o r  t h e  d a t a  
s e t s  g i v i n g  s i g n i f i c a n t  r e s u l t s  t h e  v a r i a n c e s  f o r  t h e  t r a n s ­
f o r m e d  o b s e r v a t i o n s  showed no  c o n s i s t e n t  t r e n d s  w i t h  D2 H. 
The r e m n a n t  h e t e r o s c e d a s t  I c l  t y  was a c c e p t e d  as t h e  p r i c e  o f  
u s i n g  t h e  same model  and w e i g h t i n g  f u n c t i o n  f o r  a l l  d a t a  
s e t s .  Some t r i a l s  we re  c a r r i e d  o u t  w i t h  a l t e r n a t i v e  w e i g h t ­
i n g  f u n c t i o n s ,  as d i s c u s s e d  b e l o w ,  b u t  no  s i g n i f i c a n t  i m ­
p r o v e m e n t  i n  h e t e r o s c e d a s t  I c I t y  was a c h i e v e d .
S i g n i f i c a n t  s e r i a l  c o r r e l a t i o n  was p r e s e n t  I n  18 
o u t  o f  t h e  d a t a  s e t s .  As d i s c u s s e d  p r e v i o u s l y  t h i s  was
n o t  u n e x p e c t e d ,  b e c a us e  o f  t h e  t y p e  o f  c l u s t e r  s a m p l i n g  used 
d u r i n g  t h e  d a t a  c o l l e c t i o n ,  e v e n  f o r  t h e  o l d  s t y l e  d a t a .  
A l t h o u g h  t h e  p r e s e n c e  o f  s e r i a l  c o r r e l a t i o n  r e d u c e d  t h e  
e f f i c i e n c y  o f  t h e  p a r a m e t e r  e s t i m a t e s ,  t h e  e s t i m a t e s  we re  
u n b i a s e d  ( J o h n s t o n ,  1 9 6 3 ) ;  d e g r e e s  o f  f r e e d o m  f o r  h y p o t h e s i s  
t e s t i n g  w e r e  r e d u c e d  t o  an  unknown e x t e n t ,  b u t  t h i s  was l e s s  
I m p o r t a n t  i n  v i e w  o f  t h e  g e n e r a l  l a c k  o f  e x a c t  t e s t i n g  
m e t h o d s  f o r  n o n - l i n e a r  m o d e l s .  T h e r e  a p p e a r e d  t o  be l i t t l e  
s c o p e  f o r  I m p r o v i n g  model  s p e c i f i c a t i o n ,  and me thods  o f  
r e d u c i n g  s e r i a l  c o r r e l a t i o n  s u c h  as c u l l i n g  t h e  d a t a  v /ou ld  
have  l o s t  I n f o r m a t i o n  w i t h o u t  n e c e s s a r i l y  I n c r e a s i n g  t h e  
s c o p e  f o r  h y p o t h e s i s  t e s t i n g -  The p r e s e n c e  o f  s e r i a l  c o r r e l ­
a t i o n  was t h e r e f o r e  a c c e p t e d .
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F o u r  o f  t h e  24 d a t a  s e t s  showed s i g n i f i c a n t  s k e w ­
n es s  a t  t h e  5% l e v e l ;  t h i s  was c o n s i d e r e d  t o  be an a c c e p t a b l y  
l ow  r a t e  o f  n o n - n o r m a l i t y .  M o r e o v e r ,  w i t h  t w o  c a s e s  e a c h  o f  
s i g n i f i c a n t  p o s i t i v e  and s i g n i f i c a n t  n e g a t i v e  s k e w n e s s ,  t h e r e  
was no  e v i d e n c e  o f  a s y s t e m a t i c  d e p a r t u r e  f r o m  n o r m a l i t y .  
T h i s  made I t  u n l i k e l y  t h a t  a ny  i m p r o v e m e n t  w o u l d  be p r o d u c e d  
by c o r r e c t i v e  a c t i o n  s uc h  as t r a n s f o r m i n g  t h e  d e p e n d e n t  
v a r I  a b l e .
T h e r e  w e r e  i n d i c a t i o n s  o f  s y s t e m a t I c . 1e p t o k u r t o s  I s , 
w i t h  a l l  f i v e  o f  t h e  s i g n i f i c a n t  r e s u l t s  f o r  k u r t o s i s  b e i n g  
p o s i t i v e .  E a r l i e r  t r i a l s  w i t h  u n t r a n s f o r m e d  d e v i a t e s  had 
c o n f i r m e d  t h a t  u n c o r r e c t e d  h e t e r o s c e d a s 1 1  c l t y  d i d  I n t r o d u c e  
l e p t o k u r t o s l s , b e c a u s e  o f  t h e  l a r g e  nu mb e rs  o f  s m a l l e r  t r e e s  
w i t h  r e l a t i v e l y  low d e v i a t i o n s .  Po we r s  o f  D2 H g r e a t e r  t h a n  2 
we r e  t h e r e f o r e  t e s t e d  as w e i g h t i n g  f u n c t i o n s ,  b u t  t h e y  we re  
u n s u c c e s s f u l  I n  r e d u c i n g  e i t h e r  1e p t o k u r t o s I s  o r  h e t e r o s c e d -  
a s t l c l t y .  T h i s  l e v e l  o f  n o n - n o r m a l i t y  was t h e r e f o r e  a l s o  
a c c e p t e d .
P r e c i s i o n  o f  E s t i m a t e
As n o t e d  e a r l i e r  ( p a g e  7 4 ) ,  t h e  d e v e l o p m e n t  o f  
n o n - l i n e a r  mode l  t h e o r y  has n o t  y e t  p r o d u c e d  e x a c t  me t hods  o f  
I n t e r v a l  e s t i m a t i o n  f o r  p r e d i c t i o n s  f r o m  a m o d e l .  The 
p r o b l e m  was compounded  I n  t h e  cas e  o f  t h e  N o r t h e r n  T e r r i t o r y  
d a t a  by  t h e  v i o l a t i o n  o f  t h e  s t a t i s t i c a l  a s s u m p t i o n s  f o r  
o r d i n a r y  l e a s t  s q u a r e s ,  e s p e c i a l l y  t h e  h i g h  l e v e l  o f  s e r i a l  
















































Relationship between 95"6 confidence interval at the weighted mean (weighted 
by 1/D H) and number of observations. The lower curve shows the relation­
ship on a linear scale. Confidence interval away from the mean would be 
wider than shown here.
7.335 - 2.225 log X
Number of observations
0 100 200 300 400 500 600
Number of observations
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t h e  p r e c i s i o n  o f  volume e s t i m a t e  was c o n s i d e r e d  d e s i r a b l e .
W i l l i a m s  ( 1 9 5 9 ) ,  B e a l e  ( I 9 6 0 )  and D r a p e r  and Smi th  
( 1 9 6 6 )  have a l l  d i s c u s s e d  t he  use o f  I I  nea r  methods t o  o b t a i n  
a p p r o x i m a t e  I n t e r v a l  e s t i m a t e s  f o r  t h e  e s t i m a t e d  p a r a m e t e r s  
i n  a n o n - l i n e a r  mode l .  L i n e a r  methods were t h e r e f o r e  used by 
a n a l o g y  t o  o b t a i n  a p p r o x i m a t e  c o n f i d e n c e  I n t e r v a l s  f o r  p r e ­
d i c t e d  v o l ume .
The s t a n d a r d  l i n e a r  f o r m u l a  f o r  c o n f I d e n c e . 11 m l t s  
( F r e e s e ,  19 6 4 )  I n c l u d e s  t er ms  w h ic h  have no m e a n i n g f u l  
p a r a l l e l  f o r  a n o n - l i n e a r  model .  However ,  I f  c o n f i d e n c e  
l i m i t s  a t  Y a r e  t o  be c a l c u l a t e d  t h e  f o r m u l a  r ed uc e s  t o
t ^ R e s I  dua 1 MS ( 1 / n )
T h i s  f o r m u l a  was used t o  c a l c u l a t e  a p p r o x i m a t e  95% c o n f i d e n c e  
l i m i t s  a t  w e i g h t e d  mean Y ( w e i g h t e d  by 1 /D2 H) f o r  each d a t a  
s e t ,  by assuming a p p r o x i m a t e  d e g r e e s  o f  f reedom I n  each case  
o f  ( n - 4 ) .  R e s u l t s  a r e  g i v e n  I n  T a b l e  8 . 3 ,  e x p r e s s e d  as 
p e r c e n t a g e s  o f  t h e  w e i g h t e d  mean I n  e a c h  c a s e .
Because o f  t h e  a p p r o x i m a t e  n a t u r e  o f  t h e  e s t i m a t e s ,  
no a t t e m p t  was made t o  draw d e t a i l e d  c o n c l u s i o n s  f o r  each  
d a t a  s e t .  I n s t e a d  an e m p i r i c a l  r e l a t i o n s h i p  between con­
f i d e n c e  I n t e r v a l  and number o f  o b s e r v a t i o n s  was p r oduced  
( F i g u r e  8 . 4 )  as a g e n e r a l  g u i de  t o  t h e  b e h a v i o u r  o f  p r e c i s i o n  
w i t h  changes I n  t h e  number o f  o b s e r v a t i o n s .  The e f f e c t  of  
d i f f e r e n c e s  I n  v a r i a n c e  between d a t a  s e t s  was I g n o r e d  because  
o f  t h e  a p p r o x i m a t e  n a t u r e  o f  t h e  e s t i m a t e s .  Some I n d i c a t i o n  
has been p r o v i d e d  I n  T a b l e  8 . 3  -  by l i n e a r  a n a l o g y  -  o f  t h e  
t y p e  o f  I n c r e a s e  i n  c o n f i d e n c e  i n t e r v a l  which  c o u l d  occur  a t
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T a b l e  8 . 3
E s t i m a t e d  p r e c i s i o n  f o r  t h e  f i n a l  m o d e l s :  95% c o n f i d e n c e  
i n t e r v a l s  a t  w e i g h t e d  mean Y ( w e i g h t e d  by 1 /DZ H ) ,  e x p r e s s e d  
I n  p e r c e n t •
I
L o c a l  11y Spec I es n P r e c I s .
i
! L o c a 1 I t yi Spec I es n P r e c I s .
O l d  s t y l e  d a t a i o 11 02 96 2 . 0
02 01 150 2 . 4 102+0211+022  02 143 2 . 0
03 01 95 2 . 5 ! 03 1 02 1 1 1 2 . 4
07 01 86 3 . 8 1 07 02 168 2 . 3
I 09 1 02 156 1 . 9
02+03+07 02 631 1 . 3 ti
! 02+022 03 98 2 . 4
02+03 03 160 2 . 4 | 0 2  11 03 54 3 . 6
New s t y l e  d a t a
— --------- ------ 1031i
i ”  ■ ■ ^ ‘ “ '
03 126 2 . 9
01 1 01 65 3 . 8 i 022 06 44 3 . 6
02+022 01 101 2 . 6 1091 06 156 2 . 5
02 1 1 01 54 3 . 6 ii
031 01 121 2 . 8 |011 68 108 3 - 3
07 01 80 3 . 0 1031 68 131 3 . 9
091 01 157 2 .  1 ; 0 9 1 \• ~ ~
68 153 3 . 0
N o t e :  ( I )  C o n f i d e n c e  I n t e r v a l s  away f r o m  t h e  mean w o u l d  be 
w i d e r  t h a n  shown a b o v e .  Some I n d i c a t i o n  o f  t h e  t y p e  o f  
v a r i a t i o n  w h i c h  c o u l d  be e x p e c t e d  c a n  be o b t a i n e d  f r o m  t h e  
f o l l o w i n g  c o n f i d e n c e  I n t e r v a l s ,  c a l c u l a t e d  f o r  t h e  I i n e a r  
c o m b i n e d - v a r I  ab 1e model  f i t t e d  t o  t h e  f i r s t  d a t a  s e t  I n  t h e  
a bo ve  t a b l e :
( w e l g h t e d  m ean )
V C o n f i d e n c e  I n t e r v a l
0 . 1  7 .5%
0 . 2 6 8  2 .5% ( c f .
1 . 0  3 . 9%
2 . 0  4 .3%
2.4% f o r  n o n - l i n e a r )
( I I )  S e r i a l  c o r r e l a t i o n  p r e s e n t  I n  t h e  d a t a  w o u l d  
r e d u c e  d e g r e e s  o f  f r e e d o m  by  unknown am ou n ts  and c o n s e q u e n t l y  
I n c r e a s e  c o n f i d e n c e  I n t e r v a l s .  The abo ve  f i g u r e s  t h e r e f o r e  
r e p r e s e n t  a p p r o x i m a t e  min imum e s t i m a t e s  o n l y .
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v a l u e s  away f rom t h e  mean* C o n f id e n c e  I n t e r v a l s  f o r  e s t i m ­
a t e d  volume o f  an I n d i v i d u a l  t r e e  -  r a t h e r  th a n  f o r  the  mean 
o f  a l a r g e  number -  would  o f  c o u rs e  be c o n s i d e r a b l y  w id e r  
t h a n  shown i n  t h e  t a b l e .
DI sc u s s l  on
The n o n - l i n e a r  model was a c c e p t e d  as t h e  f i n a l  t r e e  
volume model f o r  th e  N o r t h e r n  T e r r i t o r y  d a t a .  The v i o l a t i o n  
o f  t h e  s t a t i s t i c a l  assu m p t io n s  I n h e r e n t  I n  t h e  d a t a  would  
have a p p l i e d  e q u a l l y  t o  a l i n e a r  m o d e l ,  t h e r e b y  n u l l i f y i n g  
any p o t e n t i a l  a d v a n ta g e s  f rom  t h e  e x a c t  methods o f  i n t e r v a l  
e s t i m a t i o n  a v a i l a b l e  w i t h  l i n e a r  m ode ls .  The n o n - 1i n e a r  
model showed th e  e x p e c t e d  t y p e  o f  b e h a v i o u r  f o r  m e r c h a n ta b le  
volume and had a b e t t e r  o v e r a l l  f i t  t o  th e  d a t a ,  thus  g i v i n g  
s u p e r i o r  p e r f o r m a n c e  as a p o i n t  e s t i m a t o r .
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PART I I C  : APPLICATION OF THE MODELS
CHAPTER 9 : PRACTICAL CONSIDERATIONS
The d e v e l o p m e n t  o f  f i n a l  v o l u m e  m o d e l s  c o m p l e t e s  
one s t a g e  I n  t h e  p r o c e s s  o f  o b t a i n i n g  v o l u m e  e s t i m a t e s  f o r  
N o r t h e r n  T e r r i t o r y  f o r e s t s -  The n e x t  s t a g e  o f  a p p l y i n g  t h e  
m o d e l s  t o  e x i s t i n g  f o r e s t  i n v e n t o r y  d a t a  i n v o l v e s  a number  o f  
p r a c t i c a l  c o n s i d e r a t i o n s  a r i s i n g  f r o m  t h e  n a t u r e  o f  b o t h  t h e  
v o l u m e  and t h e  i n v e n t o r y  d a t a .
( i )  INTERNAL DIFFERENCES WITHIN THE DATA
The s t r u c t u r a l  f o r e s t  t y p e s  used f o r  s t  r a t  I f I  c a t i o n  
i n  t h e  N o r t h e r n  T e r r i t o r y  a r e  d e s c r i b e d  I n  C h a p t e r  2.  
B e c a us e  o f  p r o b l e m s  o f  c o n s i s t e n c y  I n  p h o t o - 1n t e r p r e t a t I  o n ,  a 
f i n a l  s u b d i v i s i o n  based  on f o r e s t  t y p e s  was n o t  c o n s i d e r e d  
a p p r o p r i a t e ,  and g r o u p i n g s  by s p e c i e s  w e r e  us ed -  N e v e r ­
t h e l e s s  I t  was o f  I n t e r e s t  t o  d e t e r m i n e  t h e  n a t u r e  and e x t e n t  
o f  a n y  s i g n i f i c a n t  d i f f e r e n c e s  a s s o c i a t e d  w i t h  f o r e s t  t y p e .
P a r t i t i o n i n g  t h e  d a t a  by s t r u c t u r a l  f o r e s t  t y p e s  
w i t h i n  s p e c i e s  f o r  e a c h  l o c a l i t y  p r o d u c e d  a l a r g e  number  o f  
d a t a  s e t s ,  as shown i n  T a b l e  9 . 1 .  Many o f  t h e  d a t a  s e t s  we re  
v e r y  s m a l l ,  b u t  a m a j o r i t y  (81 o u t  o f  129)  I n c l u d e d  10 o r  
more o b s e r v a t I o n s *  t h e s e  we re  c h o s e n  f o r  t h e  a n a l y s e s  as a 
c o m p a r i s o n  b e t w e e n  c o m p l e t e  c o v e r a g e  o f  t h e  d a t a  and t h e  use 
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c a r r i e d  ou t  on a l l  l o c a l i t y - s p e c i e s  groups w h ic h  were r e p ­
r e s e n t e d  by t wo or  more f o r e s t  t y p e s  w i t h  a t  l e a s t  10 
o b s e r v a t I o n s .
The. l i n e a r  D3 mode 1 , w e i g h t e d  by 1 /  ( H )e was used 
f o r  t h e  a n a l y s e s .  As w i t h  t he  e a r l i e r  c o v a r i a n c e  a n a l y s e s  by 
s p e c i e s ,  no s p e c i f i c  a l l o w a n c e  was made f o r  p o s s i b l e  e f f e c t s  
o f  s e r i a l  c o r r e l a t i o n  on d e g re e s  o f  f reedom f o r  t h e  F - t e s t s *  
p r e l i m i n a r y  t r i a l s  a g a l n  I n d i c a t e d  t h a t  t h e s e  e f f e c t s  became 
I m p o r t a n t  o n l y  I n  b o r d e r l i n e  c a s e s .
R e s u l t s  o f  t h e  a n a l y s e s  a r e  g i v e n  I n  Tab le  9 . 2 .  
S i x t e e n  o f  t h e  26 g r o u p i n g s  showed s i g n i f i c a n t  d i f f e r e n c e s  
among f o r e s t  t y p e s  a t  t he  5% l e v e l .  I n d i v i d u a l  r e g r e s s i o n s  
w i t h i n  each group were  e x a m i n e d ,  but  t h e r e  were no o bv ious  or  
c o n s i s t e n t  t r e n d s  I n  t h e  r e g r e s s i o n  c o e f f i c i e n t s  w i t h  changes  
I n  e i t h e r  t h e  crown c l o s u r e  or  p r e d o m i n a n t  h e i g h t  c l a s s e s  f o r  
t h e  s t r u c t u r a l  f o r e s t  t y p e s .
Th e re  was a p o s s i b i l i t y  t h a t  t h e  d i f f e r e n c e s  be­
t ween  f o r e s t  t y p e s  were a s s o c i a t e d  w i t h  o t h e r  v a r i a b l e s  
I n c l u d e d  I n  t h e  d a t a .  V a r i a b l e s  o t h e r  t h a n  D,  H and V 
I n c l u d e d *  p l o t  b a s a l  a r e a  ( o l d  s t y l e  d a t a  o n l y ) ,  t o t a l  t r e e  
h e i g h t  ( r a t h e r  t h a n  l e n g t h  o f  m e r c h a n t a b l e  b o l e ) ,  ba r k  
t h i c k n e s s  and stump h e i g h t .  S i m p l e  models were  d e v e l o p e d  
f r o m t h e  c o m b i n e d - v a r I  a b l e  e q u a t i o n  t o  I n c l u d e  t he se  v a r i ­
a b l e s ,  e i t h e r  f ro m c o m pa r a b l e  models I n  t h e  l i t e r a t u r e  -  
e . g . ,  models I n c l u d i n g  basa l  a r e a  used by Leech ( 1 9 7 3 )  and 
A l e x a n d e r  e t  a j . ( 1 9 7 5 )  -  o r  f rom v a r i o u s  s i m p l e  a s s u m p t i o n s .
P n\/ n rf anrp 1 vc P c w^»r p L ho n rp n o a fn r] Me? nn t- ho o o mnrlo 1 c h n
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Tabl e  9 . 2
R e s u l t s  of  c o v a r i a n c e  ana ly se s  by f o r e s t  t y p e ,  
r e g r e s s i o n  model used wasi
V = b0 + b , D2 H + bz D2
we ig h te d  by 1 / ( D 2 H)2 .
S I g .  d i f f e r e n c e s  i n *
L o c a 1 I t y S p e d  es ! c o e f f s . c o n s t a n t s
02 01 *
( o l d ) 02 NS *
03 *
03 01 J NS NS
( o l d ) 02 ! NS *
03 NS NS
07 01 i NS *
( o l d ) 02 *
O i l 01 NS *
02 *
68 ! NS *
0211 01 *
03 ! NS NS
022 02 i NS NS
03 j NS NS
06 NS NS
031 01 *
02 ! NS *
03 ! NS N S
68 ; MS NS
07 01 i NS NS
02 *
091 01 ! NS *
02 NS *
06 • *
68 i NS NS
The
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see I f  t h e  number of  s i g n i f i c a n t  d i f f e r e n c e s  between f o r e s t  
t y p e s  was r ed uc e d  by t h e  I n c l u s i o n  o f  any o f  t h e s e  v a r i a b l e s .
The models used and t h e  r e s u l t s  o b t a i n e d  a r e  shown 
I n  T a b l e  9 . 3 *  An I n f e r i o r  w e i g h t i n g  f u n c t i o n  -  I . e . ,  1 / D 2 H
n  A
I n s t e a d  o f  1 / ( D H) -  was used f o r  t h e  a n a l y s e s ,  but  
r e p e a t i n g  them w i t h  a new w e i g h t i n g  f u n c t i o n  was c o n s i d e r e d  
u n w a r r a n t e d .  A n a ly s e s  w i t h  t h e  c o m b i n e d - v a r I a b l e  model were  
I n c l u d e d  f o r  c o m p a r i s o n ,  and t h e s e  showed a r e l a t i v e l y  h i g h  
d e g r e e  o f  s i m i l a r i t y  t o  t h e  r e s u l t s  g i v e n  I n  T a b l e  9 . 2  f o r  
t h e  D3 model  w e i g h t e d  by I / ( D a H) 2 .  R e s u l t s  o f  t h e  a n a l y s e s  
w i t h  t h e  a d d i t i o n a l  models showed no r e d u c t i o n  I n  t h e  number  
o f  s i g n i f i c a n t  d l f e r e n c e s  w i t h  t he  c o m b i n e d - v a r I  ab 1e model ,  
I n d i c a t i n g  t h a t  t h e  d i f f e r e n c e s  between f o r e s t  t y p e s  were not  
a s s o c i a t e d  w i t h  any o f  t he  a d d i t i o n a l  v a r i a b l e s .
I t  was u n c l e a r  w h e t he r  t h e  o bs e r v e d  d i f f e r e n c e s  
bet ween f o r e s t  t y p es  r e f l e c t e d  r e a l  d i f f e r e n c e s  i n  t he  f i e l d ,  
or  w h e t h e r  t h e y  were a p r o d u c t  o f  t h e  s am p l i n g  methods used.  
The c o n c e n t r a t i o n  o f  sampled t r e e s  I n  l i m i t e d  a r e a s ,  e s p e c i ­
a l l y  f o r  t h e  new s t y l e  d a t a ,  c o u l d  we l l  have h i g h l i g h t e d  
l o c a l i s e d  d i f f e r e n c e s  which were no t  n e c e s s a r i l y  g e n e r a l -  
I s a b l e  a c r o s s  t h e  whole  of  each f o r e s t  t y p e .  I t  w i l 1 be 
p o s s i b l e  t o  r e s o l v e  t h i s  p o i n t  o n l y  a f t e r  more r e p r e s e n t a t i v e  
d a t a  a r e  c o l l e c t e d .
The d a t a  s e t s  f o r  I n d i v i d u a l  f o r e s t  t yp es  were  
t e s t e d  f o r  d e p a r t u r e s  f rom t he  s t a t i s t i c a l  a s s u m p t i o n s ,  
w i t h i n  t he .  l i m i t a t i o n s  o f  t h e  reduc ed  numbers o f  o b s e r v a t i o n s
13*
T a b l e  9 . 3
R e s u l t s  o f  c o v a r i a n c e  a n a l y s e s  by f o r e s t  t y p e  w i t h  a d d i t i o n a l  
r e g r e s s i o n  mode l s .
(Keys c o e f  = c o e f f i c i e n t s ;  cons = c o n s t a n t s . )
The models used we r e*
Mode 1 I 
Mode 1 2 
Mode 1 3 
Mode I 4
V = bQ + b, D2 H
V = b0 + b ,D 2H + b2 D2 H.BA
V = bc + b ,D 2 H + b2 D2 H(H/HM)
V = bc + b, (d u b )e H
Mode 1 5 : V == bo + bi ( D )2br. hf. 4 sb<-»»rtp H
ii Mode 1 1 ! Model 2 ii Mode I 3 ii Mode 1 4 ii Mode 1 5
Loc. Sp. iii c o e f cons Jcoef consi {coef consi {coef cons {coef cons
02 01 i• * 1 ii *
iii *
iii *
( o l d ) 02 Ii * {unab le  to { * ii NS * ii *
03 iii
* { f i t  mode 1i
iii
* iii
★ iii NS NS
03 01 ii NS NS 1 NS NS \i NS NS
iii NS NS
iii NS NS
( o l d ) 02 ii * ; ns * ii NS * ii * ii *
03 iii







iii NS NS i NS NS
i “ii NS NS
i■i NS NS
iii NS NS






O i l 01 i1 NS * 11
i "ii NS *
iii NS NS
ii• NS *









1 ~ ~ —  1 1
i “ii NS NS
iii NS NS
ii» NS NS





022 02 ii NS NS 11 ii NS NS
iii NS NS
iii NS NS
03 ii NS NS 11 ii NS NS ii NS NS ii NS NS
06 iii NS NS
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02 ii NS NS 11 ii NS NS «i NS NS ii NS NS
03 ii NS NS 11 ii NS NS ii NS NS ii NS NS















091 01 ii NS NS 11
i 'ii NS NS
iii NS NS
iii NS NS
02 ii NS * 11 ii NS * ii NS * ii NS *
06 ii NS NS 11 ii * ii * ii NS NS







n o r m a l i t y  a t  l e a s t  we r e  p r e s e n t  a t  l e v e l s  s o me wh a t  s l m i l a r  t o  
t h o s e  d e t e c t e d  among t h e  s p e c i e s  g r o u p s .  G r o u p i n g  a p p a r e n t l y  
I n c o m p a t i b l e  f o r e s t  t y p e s  w i t h i n  e a c h  s p e c i e s  d i d  n o t  s e e m t o  
c a u s e  ma r k e d  c h a n g e s  I n  t h e  i n c i d e n c e  o f  t h e s e  p r o b l e m s 2 
g r o u p i n g  by s p e c i e s  was a l s o  f r e e  f r o m t h e  u n c e r t a i n t i e s  I n  
f o r e s t  t y p e  c l a s s i f i c a t i o n  u s i n g  a e r i a l  p h o t o g r a p h s ,  and  
a v o i d e d  t h e  p r o b l e m  o f  d a t a  s e t s  w i t h  v e r y  s m a l l  n u mb e r s  o f  
o b s e r v a t  I o n s •
( I I )  REPRESENTATIVENESS OF THE DATA
The I m p o r t a n c e  o f  o b t a i n i n g  a r e p r e s e n t a t i v e  s a m p l e  
o f  v o l u me  d a t a  was  d i s c u s s e d  I n  C h a p t e r  3 .  The o l d  s t y l e  
d a t a ,  w h i c h  we r e  c o l l e c t e d  f r o m  c l e a r  f e l l e d  I n v e n t o r y  p l o t s ,  
r e p r e s e n t e d  an  o b j e c t i v e  s u b s a m p l e ,  and  t h e  vo l ume  mo d e l s  
p r o d u c e d  f r o m  t h e s e  d a t a  a r e  a p p l i c a b l e  t o  t h e  p o p u l a t i o n  
c o v e r e d  by t h e  o l d  s t y l e  I n v e n t o r y  d a t a .  C l u s t e r i n g  t h e  
o b s e r v a t i o n s  I n t o  p l o t s  may h a v e  b e e n  t h e  c a u s e  o f  t h e  h i g h  
l e v e l s  o f  s e r i a l  c o r r e l a t i o n  i n  t h e  d a t a ,  b u t  t h i s  wou l d  ha ve  
m e r e l y  o v e r e s t i m a t e d  p r e c i s i o n  w i t h o u t  i n t r o d u c i n g  b i a s .
F o r  t h e  new s t y l e  d a t a ,  h o w e v e r ,  t h e  mo d e l s  d e v e l ­
o p e d  on t h e  v o l u me  d a t a  w i l l  n o t  n e c e s s a r i l y  be a p p l i c a b l e  t o  
t h e  s ame p o p u l a t i o n  a s  t h e  I n v e n t o r y  d a t a ,  b e c a u s e  t h e  f o r m e r  
we r e  c o l l e c t e d  by s u b j e c t i v e  s a m p l i n g .  As d i s c u s s e d  I n  
C h a p t e r  4 ,  t h e  v o l u me  d a t a  we r e  u s e d  I n  t h i s  s t u d y  t o  t e s t  
v a r i o u s  v o l u me  m o d e l s ,  and  I f  a d d i t i o n a l  d a t a  w e r e  c o l l e c t e d  
by o b j e c t i v e  m e t h o d s  I t  I s  l i k e l y  t h a t  s i m i l a r  m o d e l s  c o u l d  
be f i t t e d  s u c c e s s f u l l y .
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Some c o m p a r i s o n  v a s  p o s s i b l e  b e t w e e n  t h e  o l d  and 
new s t y l e  me thods  o f  d a t a  c o l l e c t i o n .  W i t h i n  t h e  o l d  s t y l e  
d a t a ,  one l o c a l i t y  ( G o v e )  was c o v e r e d  by  b o t h  c l e a r  f e l l e d  
p l o t s  ( o l d  s t y l e  l o c a l i t y  0 7 )  and by s u b j e c t i v e  s a m p l i n g  ( o l d  
s t y l e  l o c a l i t y  070 )2  c o v a r i a n c e  a n a l y s e s  w i t h i n  e a c h  s p e c i e s  
showed t h a t  t h e  t wo  t y p e s  o f  d a t a  g av e  s i g n i f i c a n t l y  d i f f e r ­
e n t  r e g r e s s i o n s .
As an a d d i t i o n a l  e m p i r i c a l  t e s t ,  b o t h  o l d  and  new 
s t y l e  d a t a  f o r  a l l  l o c a l i t i e s  on M e l v i l l e  and  B a t h u r s t  
I s l a n d s  w e r e  c o m b i n e d  w i t h i n  s p e c i e s  and  n o n - r l l n e a r  mo de l s  
f i t t e d .  D i f f e r e n c e s  b e t w e e n  a c t u a l  and p r e d i c t e d  mean v o l -
umes w e r e t h e n c a l c u l a t e d  f o r d a t a  f r o m  e a c h l o c a l i t y
R e s u l t s  f o r s p e c i e s  02 w e r e 2
L o c a l  I t y
No.
o b s .
Mean
a c t u a l  v o l ume
Mean
p r e d i c t e d  v o l u m e D I f f e r e n c e
0 2 ( o l d ) 108 0 . 3 6 5 0 . 3 9 6 + 0 . 031
0 3 ( o l d ) 103 0 . 5 2 0 0 . 5 4 7 + 0 . 0 2 7
02 45 1 . 19 5 1. 102 - 0 . 0 9 3
0211 54 0 . 6 1 2 0 . 5 8 7 - 0 . 0 2 5
022 44 0 . 3 5 2 0 . 3 4 0 - 0 . 0 1 2
A 1 t h o u g h  s p e c i e s  02 was a b l e  t o  be c o m b i n e d  f o r  e a c h  l o c a l i t y  
on M e l v i l l e  and B a t h u r s t  I s l a n d s  w i t h i n  o l d  and  new s t y l e  
d a t a  s e p a r a t e l y ,  an a p p a r e n t  s y s t e m a t i c  b i a s  e x i s t e d  b e t w e e n  
b o t h  t y p e s  o f  d a t a .  S i m i l a r  r e s u l t s  we re  o b t a i n e d  w i t h  
s p e c i e s  01 and  0 3 .  These r e s u l t s  w e r e  a l m o s t  c e r t a i n l y  
a s s o c i a t e d  w i t h  t h e  a p p a r e n t  b i a s  i n  d . b . h .  n o t e d  e a r l i e r
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( p a g e  5 4 ) .
I f  o b j e c t i v e  s a m p l i n g  I s  a c c e p t e d  as r e p r e s e n t a t i v e  
f o r  a p a r t i c u l a r  a r e a ,  t h e n  t h e  a p p a r e n t  d i f f e r e n c e s  b e tw e e n  
d a t a  c o l l e c t e d  by o b j e c t i v e  and  s u b j e c t i v e  m e th o d s  must c a s t  
some d o u b t  on t h e  r e p r e s e n t a t i v e n e s s  o f  t h e  l a t t e r .  The 
d i f f e r e n c e s  f o r  M e l v l  l i e  and  B a t h u r s t  I s l a n d s  may have been 
due t o  c h a n g e s  I n  m easu rem en t  m e th o d s  -  a l t h o u g h  as d i s c u s s e d  
I n  C h a p t e r  4 no  e v i d e n c e  o f  s e r i o u s  d i f f e r e n c e s  c o u l d  be 
l o c a t e d  -  b u t  t h e  d i f f e r e n c e s  f o r  t h e  Gove a r e a  o c c u r r e d  w i t h  
a l l  o l d  s t y l e  d a t a .
( I l l )  EXTRAPOLATION BEYOND THE DATA 
( a )  T ree  S i z e s  B eyond  t h e  D a t a
C a r r o n  ( 1 9 6 8 )  has recom mended  f o r  v o lu m e  t a b l e s  
c o m p i l e d  by  g r a p h i c a l  m e th ods  t h a t  e x t r a p o l a t i o n  be u s u a l l y  
l i m i t e d  t o  one h e i g h t - d i a m e t e r  c e l l  I n  e a c h  d i r e c t i o n  and t h e  
v a l u e s  used w i t h  c a u t i o n .  M a t h e m a t i c a l  m o d e ls  a r e  e a s i l y  
e x t r a p o l a t e d  b ey o nd  t h e  ra n g e  o f  t h e i r  d e v e lo p m e n t  d a t a ,  and 
o v e r  t h i r t y  y e a r s  ago  S t o a t e  ( 1 9 4 5 )  c a u t i o n e d  a g a i n s t  t h e  
p r a c t i c e .  The p r o b l e m  I s  p a r t i c u l a r l y  r e l e v a n t  t o  m e r c h a n ­
t a b l e  b o l e  v o lu m e  f o r  h a rd w o o d  t r e e s ,  w h e re  v e r y  s h o r t  
m e r c h a n t a b l e  b o l e s  may o c c a s i o n a l l y  be a s s o c i a t e d  w i t h  v e r y  
l a r g e  d i a m e t e r s ,  and t r e e s  o f  t h i s  t y p e  may n o t  have been 
i n c l u d e d  I n  t h e  v o lu m e  d a t a .  As B o w l i n g  ( 1 9 5 1 )  has n o t e d ,  
w i d e n i n g  t h e  r a n g e  o f  d a t a  I n  s u c h  c a s e s  may i n v o l v e  t h e  
h a p h a z a r d  t a s k  o f  l o c a t i n g  s a m p le  t r e e s  o f  u n u s u a l  d l m e n -
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s I o n s .
I n  most cases  an e x i s t i n g  volume model w i l l  be 
e x t r a p o l a t e d  beyond t h e  d a t a  because t h i s  p r o v i d e s  t h e  best  
a v a i l a b l e  e s t i m a t e .  Volume d a t a  c o l l e c t e d  f rom uneven- aged  
f o r e s t s  w i l l  r e f l e c t  t h e  s i z e  d i s t r i b u t i o n  o f  t h e  p o p u l a t i o n  
and i n c l u d e  o n l y  l i m i t e d  numbers o f  l a r g e  t r e e s ,  and t he  
N o r t h e r n  T e r r i t o r y  d a t a  a r e  no e x c e p t i o n .  E x t r a p o l a t e d  
e s t i m a t e s  f o r  l a r g e r  s i z e s  w i l l  be most s a t i s f a c t o r y  when t h e  
volume model shows a good f i t  a t  t h e  upper  end o f  t he  r ange  
and g i v e s  s e n s i b l e  r e s u l t s  when e x t r a p o l a t e d ; t h i s  was one 
r e a s on  f o r  a d o p t i n g  t he  n o n - l i n e a r  model r a t h e r  t h a n  t h e  
l i n e a r  D model as t h e  f i n a l  volume model .
The range  o f  volume d a t a  can be I n c r e a s e d  w i t h o u t  
b i a s i n g  t h e  volume e s t i m a t e  by s e l e c t i n g  sample  t r e e s  on t h e  
b a s i s  o f  t h e  I n d e p e n d e n t  v a r i a b l e s  ( e . g . f equa l  numbers I n  
each d i a m e t e r  c l a s s ) ,  p r o v i d e d  o n l y  t h a t  t h e  s e l e c t e d  t r e e s  
a r e  a t r u e  random sample  o f  a l l  t r e e s  I n  t h e  s i z e  c l a s s  
( F r e e s e ,  1 9 6 7 ) *  A l t h o u g h  t h e  new s t y l e  d a t a  were c o l l e c t e d  
by s i z e  c l a s s e s ,  random s a m p l i n g  was not  used;  s ug ges t ed  
s a m p l i n g  methods f o r  f u t u r e  d a t a  c o l l e c t i o n  a r e  d i s c u s s e d  I n  
t h e  n ex t  c h a p t e r .
( b )  New L o c a l i t i e s ,  S p e c i e s  and F o r e s t  Types
The c o v a r i a n c e  a n a l y s e s  d e s c r i b e d  I n  C h a p t e r  7 
showed t h a t  I n  most cases  t h e r e  were  s i g n i f i c a n t  d i f f e r e n c e s  
bet ween  l o c a l i t i e s  f o r  a g i v e n  s p e c i e s ,  and t h e  r e s u l t s
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p r e s e n t e d  I n  th e  f i r s t  s e c t i o n  o f  t h i s  c h a p t e r  i n d i c a t e  t h a t  
s i g n i f i c a n t  d i f f e r e n c e s  between f o r e s t  ty p e s  may a l s o  e x i s t .  
For  t h i s  re a s o n  i t  would  app ear  d e s i r a b l e  t o  c o l l e c t  volume  
d a t a  w i t h i n  each  new a r e a  c o v e re d  by f o r e s t  i n v e n t o r y ,  and t o  
o b t a i n  a r e a s o n a b l e  c o v e r a g e  o f  th e  m ajor  s p e c ie s  and f o r e s t  
t y p e s  I n c l u d e d  I n  t h e  I n v e n t o r y .
S p e c ie s  o f  m inor  o c c u r r e n c e  r e p r e s e n t  a p r a c t i c a l  
p ro b le m  I n  o b t a i n i n g  a d e q u a te  numbers o f  o b s e r v a t i o n s ,  and i n  
many c a s es  such s p e c i e s  may not  be o f  s u f f i c i e n t  Im p o r ta n c e  
t o  w a r r a n t  t h e  c o s t  o f  e x t e n s i v e  d a t a  c o l l e c t i o n -  The most 
e x p e d i e n t  ap p ro ach  i s  t o  combine a lJ  d a t a  f o r  t h e s e  s p e c ie s  
under  t h e  h ea d in g  o f  " o t h e r  s p e c ie s * 1. O b s e r v a t i o n s  f o r  
s p e c i e s  o f  m inor  o c c u r r e n c e  were i n c l u d e d  I n  t h e  o l d  s t y l e  
d a t a ,  and t h e  l a s t  two models shown I n  Append ix  3 a r e  f o r  
t h e s e  s p e c i e s ;  t h e y  were not  i n c l u d e d  I n  any o f  th e  a n a ly s e s  
d e s c r i b e d  i n  t h i s  s t u d y  and a r e  p r o v i d e d  o n l y  f o r  t h e  sake o f  
c o m p l e t e n e s s .  I n  v ie w  o f  th e  a p p a r e n t  d i f f e r e n c e s  betwen t h e  
o l d  and new s t y l e  d a t a  I t  would seem a d v i s a b l e  t o  c o l l e c t  
d a t a  f o r  s p e c ie s  o f  m inor  o c c u r r e n c e  under  t h e  new s t y l e
measurement sys tem
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PART I I I  : DISCUSSION
CHAPTER 10 : THE STUDY IN PERSPECTIVE
T h i s  s t u d y  must  be v i e w e d  I n  t h e  b r o a d e r  c o n t e x t  o f  
s t a n d  v o lu m e  e s t i m a t i o n  as  a w h o l e .  R e l e v a n t  c o n s  1 d e r a t i o n s  
I n c l u d e s  t h e  I m p o r t a n c e  o f  s a m p l i n g  e r r o r  I n  t h e  v o lu m e  
m o d e ls  as p a r t  o f  t h e  o v e r a l l  e r r o r  I n  f i n a l  v o lu m e  e s t i m ­
a t e s ;  t h e  num ber  o f  o b s e r v a t i o n s  r e q u i r e d  t o  a c h i e v e  a g i v e n  
p r e c i s i o n ;  and  t h e  s c o p e  f o r  a d d i t i o n a l  w o rk  on some a s p e c t s  
o f  v o lu m e  e s t i m a t i o n .
( I )  THE VOLUME MODEL ERROR COMPONENT
D i f f e r e n t  s o u r c e s  o f  e r r o r  I n  t h e  f i n a l  v o lu m e  
e s t i m a t e  have  been d i s c u s s e d  by  L e w i s  ( 1 9 5 7 )  f o r  e x o t i c  
c o n i f e r s  I n  New Z e a la n d  and B a t  I n i  and  W i l l i a m s o n  ( 1 9 / 1 )  f o r  
h a rd w o o d  f o r e s t s  I n  W e s t e r n  A u s t r a l i a .  F o r m u la e  have been 
d e v e l o p e d  by  C u n la  ( 1 9 6 5 )  and Meng ( 1 9 7 2 )  t o  I n c l u d e  t h e  
e f f e c t s  o f  e r r o r  c o m p o n e n ts  s u c h  as f i e l d  p l o t  s a m p l i n g  
e r r o r ,  v o lu m e  model s a m p l i n g  e r r o r  and t h e  e f f e c t s  o f  
g r o u p i n g  t r e e  m e a s u re m e n ts  I n t o  d i s c r e t e  c l a s s e s .  Meyer  
( 1 9 6 3 )  has d ra w n  a t t e n t i o n  t o  t h e  e f f e c t  o f  e r r o r s  i n  t h e  
f o r e s t  a r e a  e s t i m a t e .
I n v e n t o r y  m e th o d s  used I n  t h e  N o r t h e r n  T e r r i t o r y  
have  been d e s c r i b e d  I n  C h a p t e r  2 .  Some o f  t h e  m a in  s o u r c e s  
o f  u n c e r t a i n t y  I n  t h e  f i n a l  v o lu m e  e s t i m a t e  I n c l u d e *
no
-  s a m p l i n g  e r r o r  In  t h e  e s t i m a t i o n  o f  
a r e a s  o f  f o r e s t  t y p e  s t r a t a  f r o m  a e r i a l  p h o t o ­
g r a p h s  ;
-  I n v e n t o r y  f i e l d  p l o t  s a m p l i n g  e r r o r ;
-  s a m p l i n g  e r r o r  f o r  t h e  v o l u m e  m o d e l ;
I n  a d d i t i o n  t h e r e  a r e  l e s s  q u a n t i f i a b l e  s o u r c e s  o f  e r r o r  s u c h  
a s  p o s s i b l e  I n c o n s i s t e n c i e s  In  p h o t o  I n t e r p r e t a t i o n ,  u n c e r ­
t a i n t i e s  I n  m e r c h a n t a b i l i t y  c l a s s i f i c a t i o n  I n  t h e  f i e l d ,  and  
m e a s u r e m e n t  e r r o r s .
T h e r e  ha s  b e e n  v a r i a t i o n  I n  n u m b e r s  o f  p h o t o  and
f i e l d  p l o t s  b e t w e e n  I n v e n t o r i e s ,  b u t  f o r  t h e  more  r e c e n t  new 
s t y l e  i n v e n t o r i e s  t h e  n u m b e r s  w er e  g e n e r a l l y  s u c h  a s  t o  
a c h i e v e  t h e o r e t i c a l  s a m p l i n g  e r r o r s  I n  t h e  v i c i n i t y  o f  2% f o r  
t h e  e s t i m a t e d  t o t a l  a r e a  o f  c o m m e r c i a l  f o r e s t ,  a nd  a p p r o x ­
i m a t e l y  5% f o r  t h e  f i e l d  p l o t s  c o m p o n e n t  ( a t  t h e  95% l e v e l ) .  
I f  a n  a p p r o x i m a t e  a l l o w a n c e  o f  5% I s  made f o r  t h e  e r r o r s  o f  
unknown s i z e  I n t r o d u c e d  by o t h e r  f a c t o r s ,  t h e n  some I n d i c a ­
t i o n  o f  t h e  e f f e c t  o f  t h e  v o l u m e  model  e r r o r  c o m p o n e n t  c a n  be 
o b t a i n e d .  A t o t a l  e r r o r  I n  vo l ume  e s t i m a t e  c a n  be r o u g h l y  
e s t i m a t e d  by summing  v a r i a n c e s  ( F r e e s e ,  1967)  f o r  d i f f e r e n t  
l e v e l s  o f  v o l u m e  e r r o r  a s  f o l l o w s 2
( l )  f o r  a v o l u me  model  e r r o r  o f  10%:
t o t a l
( I I )  f o r  a  v o l ume  model  e r r o r  o f  5%2
t o t a l  e r r o r  = 6 .9%
m( M i )  f o r  a volume model e r r o r  o f  2%: 
t o t a l  e r r o r  = 7 .6%
I t  can be seen t h a t  f o r  assumed e r r o r  components  o f  t h i s  
o r d e r  o f  s i z e  t h a t  a r e d u c t i o n  i n  volume model e r r o r  f rom 10% 
t o  5% would produce a r e d u c t i o n  of  a p p r o x i m a t e l y  3 .5% i n  t h e  
o v e r a l l  e r r o r ,  but  t h a t  a f u r t h e r  r e d u c t i o n  o f  3% would  
pr od u ce  a f u r t h e r  i mprovement  o f  o n l y  1.3% I n  t o t a l  e r r o r .  
I n  t h e  absence  o f  p r e c i s e  d a t a  on t h e  s i z e  o f  v a r i o u s  e r r o r  
component ,  I t  would app e ar  t h a t  I f  volume model e r r o r  were  
k e p t  down t o  about  5% i t  would not  und u l y  deg ra de  t h e  o v e r a l l  
e r r o r  I n  volume e s t i m a t e .  The m a j o r i t y  o f  volume models  
d e v e l o p e d  c o v e r  a s i n g l e  s p e c i e s  o f  m a j or  o c c u r r e n c e  w i t h i n  a 
s i n g l e  l o c a l i t y ,  and t h e  t o t a l  e r r o r  would t h e r e f o r e  a p p l y  t o  
t h e  volume e s t i m a t e  f o r  one such s p e c i e s .
( I I )  SAMPLING LEVELS FOR SPECIFIED PRECISION
The e m p i r i c a l  r e l a t i o n s h i p  d e v e l o p e d  between con­
f i d e n c e  i n t e r v a l  and number of  o b s e r v a t i o n s  ( F i g u r e  8 . 4 ,  page  
126)  p r o v i d e s  some gu i de  t o  t h e  s a m p l i n g  l e v e l s  r e q u i r e d  t o  
a c h i e v e  a s p e c i f i e d  p r e c i s i o n .  As i n d i c a t e d  i n  T a b l e  8 . 3  
( page  1 2 4 ) ,  c o n f i d e n c e  i n t e r v a l  away f rom t h e  mean would be 
w i d e r  t h a n  shown;  when t he  a d d i t i o n a l  e f f e c t  o f  r e d u c t i o n s  in  
d e g r e e s  of  f re edom due t o  s e r i a l  c o r r e l a t i o n  I s  a l s o  t a k e n  
i n t o  a c c ou nt  I t  would p r o b a b l y  be n e c e s s a r y  t o  a p p r o x i m a t e l y  
d o u b l e  t h e  t a b u l a t e d  f i g u r e s  t o  o b t a i n  a r e a l i s t i c  e s t i m a t e  
of  o v e r a l l  p r e c i s i o n .
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On t h i s  b a s i s ,  t h e  r e s u l t s  shown I n  F i g u r e  8 . 4  
I n d i c a t e  t h a t  between 100 and 200 o b s e r v a t i o n s  would g e n e r ­
a l l y  be r e q u i r e d  t o  a c h i e v e  a nominal  p r e c i s i o n  o f  2 . 5 % ,  
i . e . ,  a p r o b a b l e  p r e c i s i o n  I n  t h e  v i c i n i t y  o f  5% i n  p r a c t i c e .  
I n  v i e w  o f  t h e  u s u a l l y  s i g n i f i c a n t  d i f f e r e n c e s  between  
l o c a l i t i e s ,  t h i s  number o f  o b s e r v a t i o n s  would be r e q u i r e d  f o r  
eac h m a j or  s p e c i e s  I n  any new l o c a l i t y  c o v e r e d  by f o r e s t  
I n v e n t o r y .  I f  t he  d i f f e r e n c e s  be t ween  f o r e s t  t y p e s  d i s c u s s e d  
I n  C h a p t e r  9 p r ove  t o  be i m p o r t a n t ,  i t  may be n e c e s s a r y  t o  
a l s o  c o l l e c t  I n c r e a s e d  numbers o f  o b s e r v a t i o n s  w i t h i n  maj or  
f o r e s t  t y p e s .
( i l l )  ASPECTS MERITING FURTHER WORK 
( a )  S amp l i ng  Methods
I n  o r d e r  t o  maximise  t he  v a l u e  o f  t i m e  spe nt  on t h e  
c o l l e c t i o n  of  volume d a t a ,  t h e  sample  s h o u l d  be r e p r e s e n t ­
a t i v e  o f  t h e  p o p u l a t i o n  c o v e r e d  by t h e  a s s o c i a t e d  I n v e n t o r y .  
T h i s  I s  most c o n v e n i e n t l y  a c h i e v e d  by t a k i n g  measurements  
w i t h i n  an o b j e c t i v e l y  s e l e c t e d  subsample  o f  t h e  I n v e n t o r y  
f i e l d  p l o t s ,  as was done w i t h  t h e  o l d  s t y l e  d a t a .  To a v o i d  
an i n a d e q u a t e  r e p r e s e n t a t i o n  o f  t h e  l a r g e r  t r e e s ,  some s i m p l e  
s a m p l i n g  p r e s c r i p t i o n  c o u l d  be a p p l i e d  -  e . g . ,  t o  measure  
o n l y  t r e e s  above a c e r t a i n  d i a m e t e r  on a l l  p l o t s  and i n c l u d e  
s m a l l e r  s i z e s  on e v e r y  n t h  p l o t .  More c o m p l i c a t e d  p r e s c r i p ­
t i o n s  i n v o l v i n g  s e v e r a l  s i z e  c l a s s e s  would Improve d a t a  
d i s t r i b u t i o n ,  but  c o u l d  be d i f f i c u l t  t o  a p p l y  i n  p r a c t i c e .
C o n s i d e r a b l e  s e r i a l  c o r r e l a t i o n  was p r e s e n t  even  
among t h e  o l d  s t y l e  d a t a .  The p l o t  s i z e  used was 0 . 2  ha,  and 
I t  a p p e ar s  l i k e l y  t h a t  t h i s  s i z e  may have p r oduced  t o o  h i g h  a 
l e v e l  o f  " c l u s t e r i n g "  I n  t h e  d a t a .  A new method o f  r e s o u r c e  
i n v e n t o r y  begun I n  1974 used a p l o t  s i z e  o f  0 . 1  ha,  wh ich  
s h o u l d  r e d u c e  the  l e v e l  o f  s e r i a l  c o r r e l a t i o n .  I f  t h e  
p r o b l e m  p e r s i s t s  I t  may be n e c e s s a r y  t o  l i m i t  volume measure ­
ments t o  an even  s m a l l e r  s u b p l o t  w i t h i n  t h e  I n v e n t o r y  p l o t .
( b )  S p e c i f i c  Volume Models
The same volume model and w e i g h t i n g  f u n c t i o n  were  
a p p l i e d  I n  t h i s  s t u d y  t o  a l l  d a t a  s e t s .  As d i s c u s s e d  
e a r l i e r ,  t h e  n o n - l i n e a r  volume model gave a g e n e r a l l y  good 
f i t  t o  t h e  d a t a ,  and I t s  respo nse  a g a i n s t  b o t h  d i a m e t e r  and 
h e i g h t  a pp e a r e d  t o  be I n  k e e p i n g  w i t h  t h e  e x p e c t e d  b e h a v i o u r  
o f  m e r c h a n t a b l e  b o l e  vo lume.  However  t h e  use o f  1 / ( D 2 H)2 as 
a g e n e r a l  w e i g h t i n g  f u n c t i o n ,  w h i l e  s a t i s f a c t o r y  f o r  t h e  
l i n e a r  D3 mode l ,  a pp e a r e d  somewhat l e s s  s a t i s f a c t o r y  f o r  t h e  
n o n - l i n e a r  model ( T a b l e  8 . 2 ,  page 1 2 2 ) ;  a l t h o u g h  t h e r e  seemed 
t o  be no c l e a r  t r e n d s  I n  t h e  remnant  h e t e r o s c e d a s t I c i t y , t h e  
I mproved f i t  o f  t he  n o n - l i n e a r  model among t h e  l a r g e r  s i z e s  
a p p a r e n t l y  a l t e r e d  t h e  r e l a t i o n s h i p  between v a r i a n c e  and D2 H.
There  may t h e r e f o r e  be scope f o r  t h e  dev e l opment  of  
s p e c i f i c  w e i g h t i n g  f u n c t i o n s  f o r  I n d i v i d u a l  d a t a  s e t s ,  e i t h e r  
f o r  e x i s t i n g  d a t a  o r  f o r  o b s e r v a t i o n s  c o l l e c t e d  I n  t h e  
f u t u r e .  Da t a  f o r  new s p e c i e s  and l o c a l i t i e s  may not  n e c e s ­
s a r i l y  be b e s t  s e r v e d  by t he  n o n - l i n e a r  model d e v e l o p e d  I n
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t h i s  s t u d y ,  and I t  may p r o ve  n e c e s s a r y  I n  t h e  f u t u r e  t o  use 
more t h a n  one model f orm.
( c )  U t l l l s a b l e  Volume
The volume m o d e l l e d  I n  t h i s  s t u d y  was gross  mer­
c h a n t a b l e  b o l e  volume p o t e n t i a l l y  s u i t a b l e  f o r  chi  pwood.  
T h i s  r e p r e s e n t s  a maximum e s t i m a t e  o f  u t l l l s a b l e  vo l ume,  
w h i c h  i s  m o d i f i e d  by f a c t o r s  such as m e r c h a n t a b l 1 I t y  s t a n d ­
a r d s  and t h e  I n c i d e n c e  o f  d e f e c t .
M e r c h a n t a b i l i t y  codes were I n c l u d e d  I n  t h e  d a t a ,  as 
d e s c r i b e d  I n  C h a p t e r  4 ,  but  were used I n  t h i s  s t u d y  o n l y  t o  
r e j e c t  u nm e r c h a n t a b l e  t r e e s .  Because o f  t h e . l i m i t e d  numbers  
o f  o b s e r v a t i o n s  I n  some d a t a  s e t s  and t h e  somewhat s u b j e c t i v e  
n a t u r e  of  t h e  m e r c h a n t a b l e  g r a d i n g s ,  no d i s t i n c t i o n s  were  
made between d i f f e r e n t  m e r c h a n t a b l 1 I t y  c l a s s e s .  Th i s  p o i n t  
may r e q u i r e  f u r t h e r  I n v e s t i g a t i o n  a t  a s t a g e  when p r o d u c t  
g r a d i n g  becomes I m p o r t a n t .
E s t i m a t e s  o f  volume t o  v a r i o u s  s ma l l  end d i a m e t e r s  
and o f  t h e  volume o f  i n t e r n a l  d e f e c t  were a l s o  c a l c u l a t e d  
f r o m t h e  raw d a t a .  Some p r e l i m i n a r y  d ev e l opment  o f  c o n v e r ­
s i o n  f a c t o r s  based on t h e s e  d a t a  were  c a r r i e d  o u t  d u r i n g  t h e  
s t u d y ,  but  s u i t a b l e  f i n a l  models were no t  produced w i t h i n  t h e  
t i m e  a v a i l a b l e .  I t  I s  hoped t h a t  t h e s e  a s p e c t s  w i l l  be 
d e v e l o p e d  f u r t h e r  I n  t h e  f u t u r e .
( I v )  DISCUSSION AND CONCLUSIONS
Thi s  s t u d y  has p r o v i d e d  t h e  f i r s t  c o m p r e h en s i v e  s e t  
of  t r e e  volume models f o r  hardwood d a t a  f rom t h e  N o r t h e r n  
T e r r i t o r y *  The models d e v e l o p e d  on t h e  o l d  s t y l e  d a t a  
c o l l e c t e d  b e f o r e  1970 may be a c c e p t e d  as r e p r e s e n t a t i v e  o f  
t h e  p o p u l a t i o n s  c o v e r e d  by t h e  a s s o c i a t e d  f o r e s t  i n v e n t o r i e s ,  
and t h e  model  de v e l opm ent  c a r r i e d  o u t  on t h e  new s t y l e  d a t a  
has shown t h a t  t h e  same t y p e  o f  model  can be s u c c e s s f u l l y  
a p p l i e d  t o  t h e s e  d a t a  a l s o .
The n o n - l i n e a r  volume model o f  t h e  form  
V =  b Q + b, Dbz Hb3
was s u c c e s s f u l l y  f i t t e d  t o  a wide r ange  o f  hardwood volume  
d a t a  f o r  d i f f e r e n t  s p e c i e s  and l o c a l i t i e s  t h r o u g h o u t  t h e  "Top 
End" o f  t h e  N o r t h e r n  T e r r i t o r y .  The w e i g h t i n g  f u n c t i o n  
1 / ( D  H ) ^ , based on t h e  one g e n e r a l  r e l a t i o n s h i p
s2 = k ( D 2 H)2
f o r  a l l  d a t a ,  was s u c c e s s f u l l y  used w i t h  a n o n - l i n e a r  
r e g r e s s i o n  f i t t i n g  pr ogr am.
The d a t a  showed r e l a t i v e l y  minor  d e p a r t u r e s  f rom  
t h e  o r d i n a r y  . l e a s t  squ a re s  a ss u mp t i o ns  o f  h o m o s c e d a s t I c i t y  
and n o r m a l i t y .  The a ss u mp t i o n  of  i ndepe ndence  o f  e r r o r s ,  
h ow ev e r ,  d i d  n o t  h o l d ,  w i t h  s i g n i f i c a n t  l e v e l s  o f  f i r s t  o r d e r  
s e r i a l  c o r r e l a t i o n  b e i n g  d e t e c t e d  f o r  most d a t a  s e t s ;  t h i s  
d i d  not  a p p e a r  t o  be a consequence o f  model m l s s p e c l f I  c a t  I on 
but  r a t h e r  was p r o b a b l y  a r e s u l t  o f  t h e  s a m p l i n g  methods used 
f o r  d a t a  c o l l e c t i o n .  The o n l y  m a j o r  e f f e c t  o f  t he  s e r i a l  
c o r r e l a t i o n  i n  t h e  d a t a  was t o  r ed uc e  d e g r e e s  o f  f reedom by
14 6
unknown amounts and cause  some o v e r e s t i m a t i o n  o f  p r e c i s i o n  in  
volume e s t i m a t e s ,  w i t h o u t  i n t r o d u c i n g  b i a s .
We i ght ed  c o v a r i a n c e  a n a l y s e s  were c a r r i e d  ou t  w i t h  
t h e  I I  n e a r  mode 1
V = b0 + b, D2 H + ba D3
and t h e  same w e i g h t i n g  f u n c t i o n  as ab o ve .  These a n a l y s e s  
showed t h a t  I n  most cas es  t h e r e  were  s i g n i f i c a n t  d i f f e r e n c e s  
I n  t h e  r e l a t i o n s h i p  o f  volume w i t h  d i a m e t e r  and h e i g h t  f o r  
t h e  same s p e c i e s  f r o m d i f f e r e n t  l o c a l i t i e s .  Th e re  were a l s o  
I n d i c a t i o n s  of  s i g n i f i c a n t  d i f f e r e n c e s  due t o  f o r e s t  t y p e .  
Comparab l e  methods o f  a n a l y s i s  were no t  a v a i l a b l e  f o r  non­
l i n e a r  models and,  I n  v i ew  o f  t h e  g e n e r a l l y  s i m i l a r  -  though  
i n f e r i o r  -  f i t  t o  t h e  d a t a  shown by t he  l i n e a r  model ,  t h e  
f i n d i n g s  were  assumed t o  be a p p l i c a b l e  t o  t h e  n o n - l i n e a r  
mode 1 as we 1 1.
As b e s t  as can be d e t e r m i n e d  f ro m t h e  l i t e r a t u r e ,  
t h i s  s t u d y  r e p r e s e n t s  o n l y  t h e  second use of  an i n t r i n s i c a l l y  
n o n - l i n e a r  model s t r u c t u r e  w i t h  t r e e  volume d a t a  -  t he  f i r s t  
b e i n g  work by T u r n e r  ( 1 9 7 2 )  -  and I t s  f i r s t  s u c c e s s f u l  use as 
a w e i g h t e d  volume mode l .  I t  a pp e a r s  t o  be the  f i r s t  
a p p l i c a t i o n  o f  n o n - l i n e a r  r e g r e s s i o n  methods t o  t r o p i c a l  
hardwoods.  The s t u d y  has shown t h a t  n o n - l i n e a r  t r e e  volume  
models can be s u c c e s s f u l l y  a p p l i e d  t o  h e t e r o g e n e o u s  d a t a  f o r  
a r an ge  of  hardwood s p e c i e s  o c c u r r i n g  I n  t r o p i c a l  woodland In  
t h e  N o r t h e r n  T e r r i t o r y .
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H f  a n  r  I  A M f  1 F  ft
H F  A M  L P G  I P *■ & T m
f S A D I E S  
s * . 4 r «  
1 3 . 9  -
MAt
ftA*
4 | . 7
2 f t . 7
Ml*
h t n
1f t .f t  
S . 5
) 1 mF 9 S P f P j P S •  • • •  ALL S P E C I E S
h ( K C » « M 4 * L €  1 OR 1 f«-CT» ( I n 2 » n . i S S L S )  •
OAHOft 
( I N  5Cft 
C i a s s I s )
f ttPCMAN TABLE LOG LENGTH i t " 2ft CLASSES*
m
uftftOt)
£ K s 2 K i
«4M 4 6  » 1» | 2  14  1» 1» » ■ 1 9 » .  ^ * J * O N  4 6 •  14 12 14 16 16 » « i S »
■ 1 2 . 6 C » • < 1 2 . SC*
If* • 15
7A • 7ft 3 6 12 4 1 2 6
2 » •
75 I 6 14 16 3 36
S» :
3ft 3 4 17 9 2 31
S6 :
35 1 t 4 12 16 16 2 40
46 :







► • 3 7 , 5C**
......................... • ....................
► • 3 7, 3C f t
LENGTH 
CLASS  
t n f a i 1
CLASS
t o t a l
2 4 16 3« 3 9 76 26 3
f . n .  , P  S A " f t l t e * n  
A ( | N  O I A ^ F I F ) .  •  . *  r n  HAH
o f  an i n r ,  l L ' g t h  ■ . 0  * ""ah
N<).
HEAP 1 , lA»*tTtf t  
ftp An l OG I F n GTM
r SAHPl PS 
S f t . 4  Cft
1 3 . 9  1.
I f t 2 
AA* 
■4 A I
4 1 . 7
2 P . 7
NIN •  1 9 , ft C« 
ft I 9  •  4 . 9  ft
►' . T,  n 4 T •
ft T 4 NO TAt >L€3 * T  S ^ F C i e »
• * U * ! U ^  | 9 L A * n  t A f t T .  L O C A L I T Y  C ^ t C  * 2 9  h i m  8T T LC  DATA
f* 1 f  p  f *»5 » f N f  A l  A
. i iMMOa
i i!» » >
"F>Ciilht»»i> L " G  L f N I - t h  ( | h  ?»
«.*“ • * » |7 1? 14 1» 1* >l|l« ui 1«ft«?
4I9.5CP ' i1 9 4 » ‘24 ' ' ’ » 725 , 9 » •
3» * ft35 9 3 2 1 1 9






MI? ft 3 |1 1ft 4  ^ 2
42  e t lC A U V J T u S  T f  TMDq On  T A
OftPO* 
(1f t  3QP




Cl A» f t f f t )  
a 1 2 , 5Cp
•
1 1 J
15 9 1 1  • 7
7 * 1 8 9 •
93 7 8 « i t
3ft 8 4 1 1 •
33 7 1 1 8 6




* • 5 7 , 3Cft J
LFf tGTP 
Cl • 83 
t o t a l
1 1 9 3 14 13 3 3 •
‘ ♦
A ' * . OF 9 * - » L H •  44
p f A f t  n i A f t c r r w •  7 9 . »  n p a *  •  3 f t , 6 LP P l f t  •  1 9 , 9  CP
p r A f t  l o g  l c p g t h •  0 . »  - p a *  •  1 3 , 2  P " I "  ■ 3 , 7  -
PM, OA SAaPLAS 
NL Aft O f A * t T M  ■ 2 8 . ?  CP 
ft* A"» L n G l l w r - T M  •  f f t , f t  P
A4
p a r  ■ 3 9 , 1  CP 
PAR •  1 5 , 9  P
PI P  •  I I « 7 CP 
P I P  •  2 , 4  P
n J  a » r » |  t P T i ' f ,  r f i n P M | i  a a f t  CUCA LV PTU 9 H L F t S t « * !
u Mm i »
« 1 F . 9 C “  
I  9
7 *
« F h O A n T APL» I J R  L C M I T m ( 1 ^  2 *  r t AS f t A . f t )  
« T n  4 ft •  | 4  17  1 4  | f t  | A  * » 1 < i "
PT A«
C l  A ft 51
OMMOM 
^ L * 5 9 ^ 9 )  
« 1 7 . 9 C M  
19 
9 a
» E M C H I M I 4HLC LOG L F mGTM t | M  »M C 1 4 9 S F 9 )  •







«  7 i  *
1 9  7 •  •
2 3 1 3 4 1 9 95 I I »  J •






* « 9 » . 9 f









* • 3 7 , SCP
1 2  2 1 ♦ •  
1 1 2  J 4
•
•
7 •  I f o $
L C M i T P
CL A S *  9 14  16  4 1
t o t a l
uD. (iT §AMPLf9 
P € A P  0 1 A f tF T f f t  •  2 5 , 1  CP 
P | A P  I O C  L I P G T *  •  A . f t  P
44
PAR ■ 3 f t , 1 CP 
P A *  ■ 1 4 . 6  P
«T-« •  1 1 , 7  CP 
f t J f t  ■ 3 . P  P
PU, nr S A a f t t f S  •  44
f t |AN 0 T APf  T I »  ■ 2 5 , 3  CP p a * •  3 4 , 1  CP P | P  •  1 2 , 7  CP
PLAft  LDG Lt f tGTM ■ 6 . 4  P PAR a 1 9 , 2  P P I P  •  3 , 7  A
♦  •  U T m F *? S P f C l F S
Df tf tOb
I I » s s i 91
« I 7 . 9 C M
mF k C h a i i T a m l I  LOG L E ' ' G I m ( I "  7 *  C L 4 9 9 E 9 )
Q l  A "  
CLAf tS
TOTAL










► . 9 F . 9 C M „ i
L L p GT h
w : s
NO,  pA f t A M H i t f t  ■ ••
«Fa* n 1 Ap€ 1 * ft » , p CP pa* • . 4  CP PfP • •** CP
P f A P  LOG U H A T M  •  , p  p  P A *  ■ « 4 P  P f " *  ■ * 4  -
06*01
4 I 8 . 9 C N
• • • •  all » n c irs  • • • •
»emcmammble in s  lencth u m  »n c i* 9 s n )  «
« J »  4 t  I  I t  I I  M  1«  I *  » « I B » «  ^ J * ! [ 3
T p r * L
1 » 3  33  4 3  3 *
M i l .  OF 3 4 M P L F 8  •  I F «
« t * N  O t A M l I l *  •  » 9 . 8  CM M i l  ■ 3 * . I  CM “ IM  ■ I I . f
ME 4M LOG L f M S r M  •  « . ;  M M t «  •  | 9 . *  "  m j m  ■ 8 . «
* . T .  t o r ,  N | O M i
s t A « r> t a h u s  «V s p i r i t s
“  ' * ( . {  ••* L l  » . L O C A L I T Y  C*M»F r j l  n » w S f Y l . t  0AT 4
•1 M » r  «L  * P >".S * 1 s t  A T a 07  tU C A L T P T u S  T F T 9O00M f  A
U *n U H
t t *  s c *  
u A s s r s i
« 1 7 . sc«*
! '  » ‘<1 •■ 1 " 0  1 5 ' t . f i -  ( I «  ?>• C L * M t S )




r i A s i t s )
* t ® l « A w T  A B L l  LOG L f * * 6 T H  
«3** 4 6 6 10 12
f t *  20  C L A S S F 6 )  •
*  0 1 0 0
14 10  10 » « 1 9 m * Cl  a o s
*  4 .1 11 « 1 2 . 5 C M 6 7 3 ! 10
i - ’ ■ H  1 71 11 2 4 7 4 2 ♦ 19
?» 7 » n s * 4 1 2 fl « 1 2 ♦ 10
r  » i ‘ * o 76 2 3 3 3 3  1 19
j * i  i  » i  i  i 2 * 3 . 2 6 3 f  i 10
31 t 3 .1 « 1 1 21 33 3 6 3 1 2 3 32
47 1 1 0 47 1 2 t  a i  • 7
«5 46 •
so 07 •
i i * » 5
» • V . S C " > «S 7 . f tC H l
U ^ C T m
CLASS
f o r  a l
1» 3?  31  33  1« l  t 1
LFHGTM
CLASS
t o t a l
0 16  2 6  24  14 14  4 5  1 •
r F  i s  n j  a m « 1 *  « 
«F AN I  Of. 1 t  <«.T».
0A*«P! t  S 
!>4 . 3  C * 4 1 . 0  r  *
1 7 . 1  »
o . i  o
3 . 7  n
N U . OF S *M > lF S  •  111
* t A K  0 M » t T C *  •  7 3 . 7  C *  1 4 »  •  4 1 , 1  C« " I N  •  0 . 4  C *
L %  t F s r , f M  •  i e , 4  h  * 4 1 «  2 1 . 3 «  « I N »  3 , 7  H
1 iC4 i  r *» | * i5  » .F« inp*4UA 60  n F l 4 L C u r 4  S’ P ,
O0 h (14 
( T s  5C«
l l a s s F s i  
« 1 2 . SC**
•F u C h A *  T A«L» | 1 r, 
«3«» 4 0 «
L*. *.f»T» 
■A 10
( f r «  k *  f  L *  SSfc S )
|  4 10 1 *  » « I « *
t*T am
CLASS
t o t a l
1 4
OtfMO*
JL  ASSI  S)
7 f c * C M A N f A0LF LOU 
« 3 «  4 6 0
c f n g t m  
17 12




C LA SS E S!  •
•  01  Ah
1 .  . . , » h .  s £ . j .
1- . « 1 2 . 3 C 0 1 4 5 3 1 •  14
i i » 2 7 10 15 1 3 3 4 ♦ 15
2 - 1 1 * »  O 1 21 77 3 0 0 3 •  22
7S 1 | 0 n 7 21 75 1 1 4 S 0 4 A 20
3 « » 3 0 1 27 37 1 4 3 5 l I  l  IS
* * *
4 1 7 1 I S 39 1 6 7 9 2 1 1 •  21
“ '  '
4 A S 1 IS 47 2 4 3 3 3 1 •  16
4S 45 :
9 » 07 i
91 »
!
» • 9 7 . S C - > ■ 5 7 . 5 0 ;
1 F «*g Th
w i r
i S  7S J * s 0 7 ?
L F n GTM
c l a s s
t o t a l
1 6 13 19 37  ?S 17 0 9 2 •
V I .  *'F S A * 7 l t «  « 1 20 ►U. OF SA hP LF S ■ 131
« { A N  O f  4 * F  T 0 ‘s ■ 2 4 . 0  C*« *4u  • 4 1 . 4  C 7 O f *  ■ N . 1  c * - E » N  D IA H E T E » ■ 2 5 . 5 Co 0 A |  ■ 4 1 . 7 CN * 1 *  •  0 . 9  C *
OF AN LOO L I N G T m •  * * .4  ** - 41 » 1 6 . 2  o  " I n • 3 . «  • NfcA* LOG LENGTH •  1 0 , 7 7 OAK ■ 2 * . 2 M * 1 *  ■ 2 , 4  H
• •  D T ^ f H  5 F L T I F 5 ♦ • • •  ALL SPECIF» • • • ♦
D « m O0 
I f *  SC« 
C L A S S F - n




n £ K r « A l ' T » A l t  1 HO LENGTH t l h  2 “  C l » S S t 9 )  
«3M A A 6 1» | 9  1»  19 1« H I 1 1 CLASS
O0MO0 
( I N  SC« 
C L A S S t S l




hE »Ch AM 1 ASLE l o g  LENGTH f l «  t H  C L A SS E S)  •
« 3 "  4 ft 6 1« 12 14  t e  1 (  > a | 6 N *  C L *S S
' 1 2 3  9 m | 9  1 1 5 3
13  96  18  12  2 •  73
4 9 3  3 2  9 «  4 2 •  S3





4 1« 3 3  12  1 3  3 1 *  76









» ■ 5 7 . 5 C 7







c l a s s
TOTAL
•‘ S .
* F  AN O J a * F I F m 
IT  40  LUC. I 1 40 T»•
. fF 04» *•• 1 A 4») ,  OF S 4 * P l F 9  •  40 9
MtAN fl T A** t T f  9 •  7 4 . 6  C« MAX •  4 1 , 0  CM * I N  •  0 . 9  C *
" F A N  l OO •  9 . 4  *  rtAX ■ 2 1 , 3  *  « I *  •  0 . 4  *
n. t . tns  Hr»su"e*»,'T o»t » 
s t »mo T»m.fs it» species
« 3 V E . l o c a l i t y  c o o r 97 N t» »TYLL 0 4 T A
*1 r u r » i  * 9 T i i »  n t n t » t » 42 CUCft lVPT Ut TCT9P00NT4
DPh 09
4 I 9 . S C “
n f  nTHAi iT » » L I  l o g  L f  * b  9 h ( I n 2 “  r L » S S L S )




n * H o *
u : . K 3 >
4 12 .5 CH
“ t* C H » H T » H L l  LOG LENGTH 
4 3 “  4 6 A IA  12
( I *
14
2H C L » A A t l )  *
i e  i a  » • i a n * Sat
141 1 5 4 5 •
I ' 9 | 0 7 39 IS 1 4 7 5 1 • 25
2 " S 1 19 1 29 99 1 9 • 3 I « 5 4 • 39
1 4 9 7 25 3 4 6 4 5 » 1 1 • f a
3>< 9 1 3 37 3 7 A 4 7 2 1 • 39
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“ l » N  LOG LtHGTM •  9 , t  h « I I  •  1 6 . 3  « « I *  •  2 . 4  H
n . t .  t ° G  r r » s u * e * W H i  d » t *
at»ho u n i t s  at s r i r t r »
locality  coot »9 Nf« ST*Ll o* t •
•  •  i y * » »  s o t c i r »  • • • • • •  »LL AtECITS • • • •
nrnrM»NT»l«Lt L ' j o  ItNGTH (!► pH CL » A 9 E 9 )
Ot f HU*
Nt NCMAN 1 » 6 L C  LOG L ENGTH UN 9 “  C l » 5 A F A )  «
0 * H 0 d • I n  4 A 9 1 “  1?  1» 1» 1» » « I N N Kitt
4 1 9 . 5 C “ 4 1 2 . 5CH S 5 3 # 1 6•
1 5 13
1 1 3  2 6  12 A » 6 *
i * 29 1 1» 11 14 11 5 4 « s a•
? 9 7 3 4 A A 4 5  3  1 1 •  3 6
3 4 3 f 3 2 9 4 9 2 1  » 3 3
3 5 35
4 6 11 5  3 4 1 » 3 4•
4»« 4P 1 2 2 2 1 • A
4 5 49 1 • >•
54 91» ••
5 4 55 •
» ■ 9 9 . 4 C “ ...............
» » 5 9 . 5 C H •
1 * * * * *  
f t t e
CL » 5 3  
TOT» L
2 9 6  9 2  6 5  3 9  19 91 3 3
NO.
H t » N  0(»HE1FH 
Hf»H LOO l . t “GTH
» » “ N IL S
. r  Cn
. r  r
« » I
« » »
. *  t "
. 4  r
. »  Cn
. r  -
i o ,  or s »halea
N l » 4  D l A H I t e »  •  9 2 . 9  cn 
* f » H  LOG LtHGTM •  A . 2 h
24A
n»a ■ 4 4 .9  r *
N t l  ■ 1 4 . S H
H|H • A.A CH 
“ 1 *  ■ 2 . 4  H
" • • u l  N u«  | n»
*>.T .  LOG » E A S U * f> tN T  04TA 
ST a n I) 1 Hy S » tC tE S
LOCALITY cnoF  A01 n» n S T U E  DATA
" I  T i | f « l . y P T ••* H IN T A T A A7 CUC»LTATu8 TETHHOONT a
0«H18
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( I N  3C H
h £ * C n ant  ARLE 
O h 4 6
LOG
6







•  0 1 46
18 m | 6 H *  £1 6 8 3
« 1 7 . SC» J 1 •» 4 1
t o t a l
16
CLASSES)
« 12 .3 CN 7 6 4
• • • • • • • • • «  TOTAL
•
•  16
1 5 7 6 11 3 I 24 13 » 4 16 t •  16
24 1 n 11 1 I 26 76 \ 4 13 9 4 1 •  a«
7« 1 1 4 1* 3 I 10 73 1 9 9 9 3 i 1 .  27
36 3 7 9 1 1 J as 3» a 9 4 3 4 •  t z
JS 1 1 i« 3 4 I 24 33 3 2 7 7 4 | .  04
4«
46




1 2 4 2 fl 2 •  12 
•
SA ! 3» •
»9 : 33
•




W8{ l C L * 5 5  12 2» 49 23 71 16 4Tp T A L •
xO,  02 S A H F l tS  ■ 117 
«FAN DI auf  I Fh •  2 « , 4  C*  H * *
HFAN LOF. LENGTH t  9 . «  *  * A *
4 | . 7  C"  
1 4 . 6  h
H f N  •  H .Q  TH
HIN ■ 4 . 0  M
N u .  n r  $  a  h a l e  s  
HEAA, p l A N t T E *  •  7 9 . 3  C« 
HfAN LOC. l e n g t h  •  « l . f  H
15«
HAI •  4 1 , 7  CH 
HAI  •  I « , «  H
■I N  •  « . 0  CH
h i n  •  9 , 0  H
" •  EUCALTATU5 «LtCSEHJ •  » HEL ALEü C A «HA.
OAh OH
* F « C H A r T A H L *  LOC LEM»Th ( f N  2 *  Cl I S S L S )  *
•  O T a h
« S h  4 « 6 1 »  17 14 16 l »  > • )  9 « *  j ^ L J J S
0HHIJ6 
( I N  3C«  
CL A S S E S )
« 1 2 . & C *
H E A C N 4 N T 4 0 L E  LOG L E NGTH ( I N  0H CL A S S E S )  •
< J H 4 « a 1 *  12  14  1« I «  I 0 H *  C ^ } * 9
« 1 7 . 9 C « 13 4 7 « 1 9 « I I  •  W
1 s s n  s  ?  •  a t 13 » 1A S 1 •  »4
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2 5 1 9 F N •  21 7 3 1 9 7 7 1 J  21
3 » t 9 7 11 1 « 2 9 3» 4 4 7 9  a * 1 0





• • 3 7 . 3 C *






* • 3 7 . b C *








s o .  (iF M  •  « I *
H f A *  f> 1 A*FT Fw ■ ? 3 . 3  Cm HA* ■ 4 1 . 7  C*
«FAN Uüfl  L IN G T h •  7 . «  M h a * •  1 4 . 4  P
6 . 0  CH 
3 . 7  N
lKU!
Tri T AL
» 0 .  OF SAhFl F» 
n§An p T A H fT tN  •  7 3 . 3  C* 
NF an L nr« IFNRTH •  7 . 9  H
133
NA« ■ 4 1 . 7  CH 
« A l  ■ 1 3 . 4  N
HIN ■ 6 , 6  CH
« I N  •  2 . 4  H
•  •  i T n F »  9 6 F C I E 9 • • • «  ALL SFFCIFS
UNnOfl
I I J . J C H
HFHCHAf.TA"LE I 00 LENGTH ( T n ? *  CLASSES) •
♦ 0 T A H
« 1 *  4 6 « 1« 17 14 1*  16 CJ.ASS
OflNCS
h e w c n a n t a b l e  IOC 
«3 « 4 0 6
l f n GTh 
1» 12






I »  » • 1 0H»
{ S I S ?
« 1 7 . 3C* ! « 1 2 , 3C* H 77 71 14 3
•
• 7S
19 • 13 13 U »9 1 A 2 | •  fl
2 * * ?r 4 ? l J» 29 fl 4 1 • 103
23 • 73 s 10 72 s t 9 3 1 1 66
s« * 3» 3 12 as 36 14 4' 4 •
96
13
• 33 3 13 16 70 13 13 4 1 ««
4» » 46 3 b IS 36 i i fl fl 2 71
49 • 43 ♦
3 ' ; 36
•
33 99 •
» • 9 7 , 5C«
•
• ■ 3 7 . 5 C F
•
1 1 ng th
C L 4 3 6
t o t a l
L F n CTM 
Cl  *SS 
TOTAL
«6 17» 133 176 31
N 1 .
HF AH n i A H F  1*H 
n F a n  LOG L F ^ g Th
3 A - M  «:6
. *  C« HA* 
h  A *
HT *
H i  N
Nü.  OF SAHPl FS ■ 622 
« € * *  t» l AH |TE 9 •  7 3 . 3  CM «4 *
HfAN LOG lFnCT« • «.7 H «AI
« | N
« I N
6 , 6  CN 
2 . 4  H
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APPENDIX 3
COEFFICIENTS OF FINAL MODELS 
A l l  m o d e l s  a r e  o f  t h e  form* V = bQ + b1 D^2 Hb3
No.
C o e f f i c i e n t s  o f  f i n a l  m o d e l s
L o c a l  I t y S p e c i e s O b s . ii
i _ bo b , b a b 3
Old  s t y l e  d a t a ii
02 01 150 ii - . 0 6 9 9 7 .0 0 0 2 6 2 4 2 1 1 .7 2 8 6 . 6 9 6 0 7
03 01 95 ii - . 0 0 4 5 4 .0 0 0 0 6 9 3 6 8 1 . 9 9 8 7 . 7 9 3 1 6
07 01 86 ii
i












- . 0 5 3 8 7 . 0 0 0 0 9 4 2 6 7 2 . 0 2 0 0 . 6 5 0 1 0
New s t y l e  d a t a ii
011 01 65 ii - . 0 2 7 8 0 . 0 0 0 4 1 6 6 3 0 1 . 6 5 0 6 . 5 7 6 7 9
02+022 01 101 »i + . 0 1 7 6 6 . 0 0 0 0 2 7 0 4 2 2 . 2 9 6 8 . 7 6 1 6 6
0211 01 54 ii - . 0 5 9 4 8 . 0 0 0 4 8 5 4 1 2 1 .6 9 8 5 . 5 3 1 3 4
031 01 121 ii - . 0 0 4 1 4 .0 0 0 0 9 5 8 8 3 1 . 9 6 9 7 . 7 0 3 4 8
07 01 80 ii - . 0 1 0 2 3 . 0 0 0 0 2 6 9 4 6 2 . 2 5 0 7 .8 4 3 5 1
091 01 157 ii
i




i - . 0 2 0 9 0 . 0 0 0 1 7 1 4 0 5 1 .8 5 5 7 . 7 0 8 4 9
0 2 + 0 2 1 1 + 0 2 2  02 143 ii - . 0 0 2 4 0 .0 0 0 0 6 1 9 5 2 2 . 1 5 8 5 . 6 5 8 5 3
031 02 11 1 ii - . 0 0 1 5 8 .0 0 0 0 5 9 8 6 7 2 . 1 9 8 4 . 5 9 7 9 0
07 02 168 ii - . 0 1 0 5 2 . 0 0 0 1 4 5 2 5 2 1 . 8 4 7 2 . 7 3 0 9 9
091 02 156 ii
i




i + . 0 0 3 7 9 .0 0 0 0 3 3 8 5 1 2 . 2 3 2 9 . 7 9 9 1 9
02 11 03 54 ii + . 0 1 8 1 8 . 0 0 0 0 4 9 4 4 8 2 . 3 3 6 6 . 4 8 9 1 4
031 03 126 «i
i




i - . 0 1 5 9 4 . 0 0 0 2 7 5 4 2 2 1 . 8 2 7 9 . 4 7 3 2 0
091 06 156 ii
i




i + . 0 0 9 0 2 . 0 0 0 0 9 9 7 1 3 1 .8 1 1 9 . 9 3 8 2 9
031 68 131 ii - . 0 0 3 6 6 . 0 0 0 0 8 4 7 2 5 2 . 0 3 6 4 . 6 1 6 0 3
091 68 153 ii
.  i
- . 0 0 1 3 7 . 0 0 0 0 9 3 8 1 9 1 .9 4 4 0 . 7 2 5 6 5
Old  s t y l e  d a t a ii
S p e d  e s o f  ml n o r ii
o c c u r r e n c e 1
02 06 21 ii + . 0 7 2 4 9 . 0 0 0 0 0 0 0 3 7 8 0 3 . 7 2 0 9 1 .5 9 9 7
02+03+07 o t h e r 56 ii - . 0 0 5 8 3 .0 0 0 0 4 6 7 9 6 2 . 0 7 7 8 . 8 2 7 5 3
